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Introduction 

Founded in 1983, with headquarters in San Jose, California, Micro 
Linear is a leading manufacturer of high performance standard and 
semi-standard analog and mixed-signal ICs for specific market 
applications as well as supplying analog user-specific integrated 
circuits (USICs). 

Focusing at achieving the high levels of integration customers 
want, Micro Linear provides ICs at the sub-system level, addressing 
five specific end markets: power and motion control, hard disk 
drives, analog telecom, local area networks and data converters/ 
filters. These products use a variety of bipolar and CMOS process 
technologies chosen to optimize performance and level of 
integration. 

For power control applications where high volumetric efficiency is 
a benefit. Micro Linear offers a broad line of high-frequency 
switching power supply controllers. Anticipating the emerging 
energy and noise regulations for electronic equipment. Micro 
Linear introduced the industry's first power factor control IC and 
has followed that up with a family of products applicable to many 
types of electronic equipment including electronic lamp ballasts. 

Micro Linear has emerged as a major supplier to the competitive, 
fast moving and high volume hard disk drive industry. High 
performance analog ICs are supplied for the three subsystem 
areas: data path signal processing, head positioning and motor 
control. Its products have been widely used in 3.5 inch drives, led 
by its dedicated servo chip set which establishes the standard for 
minimum access time disk drives. 

The company's telecommunications ICs meet the demanding 
technical specifications required for Network Communications 
Terminating Equipment (NCTE). The NCTE products consist of a 
broad line of programmable attenuators, line equalizers, tone 
detectors and generators. 

In the local area network market. Micro Linear has focused on 
supplying transceivers that conform to the IEEE 802 standards for 
transmission over twisted copper wire pairs and fiber optics. The 
company presently supplies standard and semi-standard 10Base-T 
transceivers for computer terminations and Multiport Repeaters 
and quantizers for fiber optic based systems. 

Among its converter and filter products are high performance A/D 
and D/A converters and switched capacitor filters. The A/D's range 
from 8- to 12- bits and use electronic techniques, such as digital 
correction, instead of trim methods to achieve cost effective high 
performance parts. 

A pioneer in analog semi-custom integrated circuits. Micro Linear 
continues to expand its unique tile array for use in USICs. This 
advanced proprietary tile array approach methodology means that 
custom designs can be easily and quickly integrated into silicon 
with minimum expense. 

Since its inception. Micro Linear has been committed to 
excellence in every facet of design and manufacturing. Micro 
Linear has focused its resources on supplying customers with 
exceptionally high quality, reliable, and responsive service. 
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LIFE SUPPORT POLICY 

MICRO LINEAR'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES OR SYSTEMS 
WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF MICRO LINEAR CORPORATION. As used herein: 

1. Life support devices or systems are devices or systems which, (a) 2. A critical component is any component of a life support device 

are intended for surgical implant into the body; or (b) support or or system whose failure to perform can be reasonably expected 

sustain life, and whose failure to perform, when properly used in to cause the failure of the life support device or system, or to 

accordance with instructions for use provided in the labeling, affect its safety or effectiveness, 
can be reasonably expected to result in a significant injury to 
the user. 
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is a registered trademark of Micro Linear Corporation 



Micro Linear reserves the right to make changes to any product herein to improve reliability, function or design. Micro Linear does not assume 
any liability arising out of the application or use of any product described herein, neither does it convey any license under its patent right nor 
the rights of others. 

Micro Linear uses outside vendors to provide silicon wafer processing and assembly packaging. Micro Linear reserves the right to provide 
products that are manufactured at any or all of its qualified vendors and to add new vendors as required. 

From time to time, the company may supply silicon that has been 1) revised or 2) supply a compacted version of an array based product. 
When the modified version of the product completely conforms to the Micro Linear data sheet, this substitution will be done without any 
prior notification. 
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General 
Ordering Information 



Part Number and Package lype Explanation 



PART NUMBER 



Ml 



XXXX 



T 



Package Type 

Temperature Range 
M=-55°Cto+125°C 
l = -40°Cto+85°C 
C = 0°Cto+70°C 

Number of letter indicates electrical grade of part 

Three or four digit generic or product part number 

Micro Linear Prefix or for second source device is the same as original source 



PACKAGE TYPE 



Letter Suffix 


Description 


D 


Side Brazed Hermetic DIP 


F 


Flat Pack 


J 


Ceramic Hermetic DIP (CERDIP) 


L 


Ceramic Leadless Chip Carrier (LCC) 


P 


Plastic DIP 


Q 


Plastic Chip Carrier (PCC) 


s 


Small Outline (SOIC) 
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Cross Reference Guide 



Alternate Source Part Number 



Analog Devices 



Exar 



Linear Technology 



National Semiconductor 



Analog Devices 


Micro Linear 


Part Number 


Direct Replacement^ 


AD7820BQ 


ML2261CIJ 


AD7820CQ 


ML2261BIJ 


AD7820KN 


ML2261CCP 


AD7820KP 


ML2261CCQ 


AD7820LN 


ML2261BCP 


AD7820LP 


ML2261BCQ 


AD7820TQ 


ML2261CMJ 


AD7820UQ 


ML2261BMJ 


AD7824BQ 


ML2264CIJ 


AD7824CQ 


ML2264BIJ 


AD7824KN 


ML2264CCP 


AD7824LN 


ML2264BCP 


AD7824TQ 


ML2264CMJ 


AD7824UQ 


ML2264BMJ 



Exar 


Micro Linear 


Part Number 


Direct Replacement 


XR117R-2CP 


ML117R-2CP 


XR117R-4CP 


ML117R-4CP 


XR117R-4MD 


ML117R-4CS 


XR117R-6CJ 


ML117R-6CQ 


XR117R-6CP 


ML117R-6CP 


XR117R-6MD 


ML117R-6CS 


XR117-2CN 


ML117-2CJ 


XR117-2CP 


ML117-2CP 


XR117-2MD 


ML117-2CS 


XR117-4CN 


ML117-4CJ 


XR117-4CP 


ML117-4CP 


XR117-4MD 


ML117-4CS 


XR117-6CJ 


ML117-6CQ 


XR117-6CN 


ML117-6CJ 


XR117-6CP 


ML117-6CP 


XR117-6MD 


ML117-6CS 



LTC 


Micro Linear 


Part Number 


Direct Replacement 


LTC1060ACJ 


ML2110BIJ2 


LTC1060ACN 


ML2110BCP2 


LTC1060AMJ 


ML2110BMJ2 


LTC1060CJ 


ML2110CIJ2 


LTC1060CN 


ML2110CCP2 


LTC1060MJ 


ML2110CMJ2 



NSC 


Micro Linear 




nirar* Dcknl-s#>oman+1 






ADC0808CJ 


ADC0808CJ 




ML2258BMJ 


ADC0808CCJ 


ADC0808CCJ 




ML2258BIJ 


ADC0808CCV 


ADC0808CCV 




ML2258BIQ 


ADC0809CCN 


ADC0808CCN 




ML2258CIP 


ADC0809CCV 


ADC0809CCV 




ML2258CIQ 


ADC0820BCJ 


ML2261BIJ 


ADC0820BCN 


ML2261BCP 


ADC0820BCV 


ML2261BCQ 


ADC0820CCJ 


ML2261CIJ 


ADC0820CCN 


ML2261CCP 


ADC0820CCV 


ML2261CCQ 


ADC0820CJ 


ML2261CMJ 


ADC0831BCJ 


ADC0831BCJ 




ML2281BIJ 


ADC0831BCN 


ADC0831BCN 




ML2281BCP 


ADC0831CCJ 


ADC0831CCJ 




ML2281CIJ 


ADC0831CCN 


ADC0831CCN 




ML2281CCP 


ADC0832BCJ 


ADC0832BCJ 




ML2282BIJ 


ADC0832BCN 


ADC0832BCN 




ML2282BCP 


ADC0832CCJ 


ADC0832CCJ 




ML2282CIJ 


ADC0832CCN 


ADC0832CCN 




ML2282CCP 


ADC0833BCJ 


ADC0833BCJ 




ML2283BIJ 


ADC0833BCN 


ADC0833BCN 




ML2283BCP 


ADC0833CCJ 


ADC0833CCJ 




ML2283CIJ 


ADC0833CCN 


ADC0833CCN 




ML2283CCP 


ADC0834BCJ 


ADC0834BCJ 




ML2284BIJ 


ADC0834BCN 


ADC0834BCN 




ML2284BCP 



Note 1. 100% pin-for-pin compatible with improved electrical specifications. 

Note 2. Consult data sheet for electrical specifications that may vary from limit or conditions of alternate source. 

Note 3. Alternate source ships -40°C to +85°C product as molded; Micro Linear does this on a customer need basis. 
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Cross Reference Guide 



National Semiconductor (Continued) 



Silicon Systems, Inc. 



NSC 


Micro Linear 


Part Number 


Direct Replacement^ 


ADC0834CCJ 


ADC0834CCJ 




ML2284CIJ 


ADC0834CCN 


ADC0834CCN 




ML2284CCP 


ADC0838BCJ 


ADC0838BCJ 




ML2288BIJ 


ADC0838BCN 


ADC0838BCN 




ML2288BCP 


ADC0838BCV 


ADC0838BCV 




ML2288BCQ 


ADC0838CCJ 


ADC0838CCJ 




ML2288CIJ 


ADC0838CCN 


ADC0838CCN 




ML2288CCP 


ADC0838CCV 


ADC0838CCV 




ML2288CCQ 


ADC1061CIJ 


ML2271CIJ 


ADC1061CIN 


MI7771CCP3 


ADC1061CIWM 


ML2271CCS3 


ADC1061CMJ 


ML2271CMJ 


DP5016QC 


ML501-6CQ 


DP5016RQC 


ML501R-6CQ 


DP5018QC 


ML501-8CQ 


DP5018RQC 


ML501R-8CQ 


/yA5016QC 


ML501-6CQ 


/iA5016RQC 


ML501R-6CQ 


M5018QC 


ML501-8CQ 


//A5018RQC 


ML501R-8CQ 


DP8464BN-3 


ML8464B-3CP2 


DP8464BV-3 


ML8464B-3CQ2 


DP8464BN-2 


ML8464B-2CP2 


DP8464BV-2 


ML8464B-2CQ2 


DP8464BN-2 


ML8464B-2CP2 


DP8464BN-3 


ML8464B-3CP2 


DP8464BV-2 


ML8464B-2CQ2 


DP8464BV-3 


ML8464B-3CQ2 


DP8468BTP-3 


ML4568-3CQ2 


DP8468BTP-2 


ML4568-2CQ2 


LMF100CCN 


ML2111CCP 


LMF100CCWM 


ML2111CCS 


MF10AJ 


ML2110CMJ2 


MF10ACN 


ML2110BCP2 


MF10CCJ 


ML2110CIJ2 


MF10CCWM 


ML2110CCS2 


MF10CCN 


ML2110CCP2 



SSI 


Micro Linear 


Part Number 


Direct Replacement^ 


SSI 32P541-CH 


ML541CQ 


SSI 32P541-P 


ML541CP 


SSI 32P541A-CH 


ML4042CQ 


SSI 32P541A-P 


ML4042CP 


SSI 32P541B-CH 


ML4042CQ 


SSI 32P541B-P 


ML4042CP 


SSI 32R117R-2P 


ML117R-2CP 


SSI 32R117R-4F 


ML117R-4CF 


SSI 32R117R-4P 


ML117R-4CP 


SSI 32R117R-6F 


ML117R-6CF 


SSI 32R117R-6H 


ML117R-6CQ 


SSI 32R117R-6P 


ML117R-6CP 


SSI 32R117-2P 


ML117-2CP 


SSI 32R117-4F 


ML117-4CF 


SSI 32R117-4P 


ML117-4CP 


SSI 32R117-6F 


ML117-6CF 


SSI 32R117-6H 


ML117-6CQ 


SSI 32R117-6P 


ML117-6CP 


SSI 32R501R-6H 


ML501R-6CQ 


SSI 32R501R-8F 


ML501R-8CF 


SSI 32R501R-8H 


ML501R-8CQ 


SSI 32R501R-8P 


ML501R-8CP 


SSI 32R501-6H 


ML501-6CQ 


SSI 32R501-8F 


ML501-8CF 


SSI 32R501-8H 


ML501-8CQ 


SSI 32R501-8P 


ML501-8CP 


SSI 32R511R-4S 


ML511R-4CS 


SSI 32R511R-6H 


ML511R-6CQ 


SSI 32R511R-6P 


ML511R-6CP 


SSI 32R511R-6S 


ML511R-6CS 


SSI 32R511R-8H 


ML511R-8CQ 


SSI 32R511R-8P 


ML511R-8CP 


SSI 32R511R-8S 


ML511R-8CS 


SSI 32R511-4S 


ML511-4CS 


SSI 32R511-6H 


ML511-6CQ 


SSI 32R511-6P 


ML511-6CP 


SSI 32R511-6S 


ML511-6CS 


SSI 32R511-8H 


ML511-8CQ 


SSI 32R511-8P 


ML511-8CP 


SSI 32R511-8S 


ML511-8CS 



Note 1. 100% pin-for-pin compatible with improved electrical specifications. 

Note 2. Consult data sheet for electrical specifications that may vary from limit or conditions of alternate source. 

Note 3. Alternate source ships -40°C to +85°C product as molded; Micro Linear does this on a customer need basis. 
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Cross Reference Guide 



Texas Instruments 



VTC 



NSC 


Micro Linear 


Part Number 


Direct Replacement 


ADC0808MJ 


ML2258BMJ 


ADC0808FN 


ML2258BCQ 


ADC0808N 


ML2258BIP 


ADC0809FN 


ML2258CCQ 


ADC0809N 


ML2258CIP 


TLC0820ACN 


ML2261CCP 


TLC0820ACFN 


ML2261CCO 


TLC0820BCN 


ML2261BCP 


TLC0820BCFN 


ML2261BCQ 


ADC0831ACP 


ML2281CCP 


ADC0831AIP 


ML2281CIJ3 


ADC0831BCP 


ML2281BCP 


ADC0831BIP 


ML2281BIJ3 


ADC0832ACP 


ML2282CCP 


ADC0832AIP 


ML2282CIJ3 


ADC0832BCP 


ML2282BCP 


ADC0832BIP 


ML2282BIJ3 


ADC0834ACN 


ML2284CCP 


ADC0834AIN 


ML2284CIJ3 


ADC0834BCN 


ML2284BCP 


ADC0834BIN 


ML2284BIJ3 


ADC0838ACN 


ML2288CCP 


ADC0838AIN 


ML2288CIJ3 


ADC0838CCN 


ML2288BCP 


ADC0838BIN 


ML2288BIJ3 



VTC 


Micro Linear 


Part Number 


Direct Replacement^ 


VM117-2DK 


ML117-2CJ 


VM117-2PK 


ML117-2CP 


VM117-4FK 


ML117-4CF 


VM117-4PK 


ML117-4CP 


VM117-4DK 


ML117-4CJ 


VM117-6PK 


ML117-6CP 


VM117-6DK 


ML117-6CJ 


VM117-6PK 


ML117-6CP 


VM117-6PLK 


ML117-6CQ 


VM117R-2DK 


ML117R-2CJ 


VM117R-2PK 


ML117R-2CP 


VM117R-4FK 


ML117R-4CF 


VM117R-4PK 


ML117R-4CP 


VM117R-4DK 


ML117R-4CJ 


VM117R-6DK 


ML117R-6CJ 


VM117R-6PK 


ML117R-6CP 


VM117-6PLK 


ML117R-6CQ 


VM217-6PK 


ML501-6CP 


VM217-6PLK 


ML501-6CQ 


VM217-8PK 


ML501-8CP 


VM217-8PLK 


ML501-8CQ 



Unitrode 



Unitrode 


Micro Linear 


Part Number 


Direct Replacement^ 


UC1823J 


ML4823MJ 


UC1825J 


ML4825MJ 


UC2823N 


ML4823IP 


UC2823Q 


ML4823IQ 


UC2825N 


ML4825IP 


UC2825Q 


ML4825IQ 


UC3823N 


ML4823IP 


UC3823Q 


ML4823CQ 


UC3825N 


ML4825IP 


UC3825Q 


ML4825CQ 



Note 1. 100% pin-for-pin compatible with improved electrical specifications. 

Note 2. Consult data sheet for electrical specifications that may vary from limit or conditions of alternate source. 

Note 3. Alternate source ships -40°C to +85°C product as molded; Micro Linear does this on a customer need basis. 
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ML502R 6, 7, or 8-Channel Read/Write Circuits for Thin Film Heads with Damping Resistors 5-11 

ML502S 6, 7, or 8-Channel Read/Write Circuits 5-11 

ML511 4, 6, 7, or 8-Channel Read/Write Circuits 5-19 

ML511 R 4, 6, 7, or 8-Channel Read/Write Circuits with Damping Resistors 5-19 

ML541 Read Data Processor 5-27 

ML1825 High Frequency Power Supply Controller 6-2 

ML2003 Logarithmic Gain/Attenuator 3-2 

ML2004 Logarithmic Gain/Attenuator 3-2 

ML2008 //P Compatible Logarithmic Gain/Attenuator 3-13 

ML2009 //P Compatible Logarithmic Gain/Attenuator 3-13 

ML2020 Telephone Line Equalizer 3-22 

ML2021 Telephone Line Equalizer 3-33 

ML2031 Programmable Tone Detector 3-44 

ML2032 Programmable Tone Detector 3-44 

ML2035 Programmable Sinewave Generator 3-52 

ML2036 Programmable Sinewave Generator 3-52 



JS^ Micro Linear 



1-5 



Alpha Numeric Index 



PAGE 

ML2110 Universal Dual Switched Capacitor Filter 3-64 

ML2111 Universal Hi-Frequehcy Dual Filter 3-83 

ML2200 Data Acquisition Peripheral 2-5 

ML2200EX Exerciser 2-23 

ML2208 Data Acquisition Peripheral 2-5 

ML2208EX Exerciser 2-23 

ML2221 Serial Out 12-311 Plus Sign A/D Converter with Sarnpie and Hold 2-35 

ML2222 Serial CODEC/DSP Interface 12-Bit Plus Sign A/D Converter with Sample and Hold 2-49 

ML2223 Serial Asynchronous Interface 12-Bit Plus Sign A/D Converter with Sample and Hold 2-50 

ML2230 ^? Compatible 12-Bit Plus Sign A/D Converter with Sample and Hold 2-51 

ML2233 ^? Compatible 12-Bit Plus Sign A/D Converter with Sample and Hold 2-67 

ML2252 ^? Compatible 8-Bit A/D Converter with 2-Channel Multiplexer 2-83 

ML2258 //P Compatible 8-Bit A/D Converter with 8-Channel Multiplexer 2-94 

ML2259 ^? Compatible 8-Bit A/D Converter with 8-Channel Multiplexer 2-83 

ML2261 ^? Compatible High Speed 8-Bit A/D Converter with T/H (S/H) 2-105 

ML2264 4-Channel High Speed 8-Bit A/D Converter with T/H (S/H) 2-120 

ML2271 ^? Compatible High Speed 10-Bit A/D Converter with S/H 2-135 

ML2280 8-Bit Serial I/O A/D Converter 2-148 

ML2281 8-Bit Serial A/D Converter 2-166 

ML2282 8-Bit Serial A/D Converter with 2-Channel Multiplexer 2-166 

ML2283 8-Bit Serial A/D Converter with 4-Channel Multiplexer 2-148 

ML2284 8-Bit Serial A/D Converter with 4-Channel Multiplexer 2-166 

ML2288 8-Bit Serial A/D Converter with 8-Channel Multiplexer 2-166 

ML2340 8-Bit D/A Converter with Programmable Gain and Reference 2-186 

ML2341 8-Bit D/A Converter with Programmable Gain and Reference 2-197 

ML2350 8-Bit D/A Converter with Programmable Gain and Reference 2-186 

ML2351 8-Bit D/A Converter with Programmable Gain and Reference 2-197 

ML4025 Data Separator 5-37 

ML4041 Read Data Processor 5-46 

*ML4042 Read Data Processor 5-46 

ML4401 Servo Demodulator 5-57 

ML4402 Servo Drrver 5-63 

ML4403 Servo Controller 5-68 

ML4404 Trajectory Generator 5-78 

ML4406 Disk Voice Coil Servo Driver 5-89 

ML4407 Disk Voice Coil Servo Driver 5-89 

ML4408 Low Voltage Disk Voice Coil Servo Driver 5-95 

ML4410 Sensorless Spindle Motor Controller 5-97 

ML4413 Servo Controller 5-68 

ML4415 15-Channel Read/Write Circuit 5-105 

ML4416 14-Channel Read/Write Circuit wtih CS 5-105 

ML4417 Zoned Bit Recording Circuit 5-113 

ML4427 Zoned Bit Recording Circuit 5-113 

ML4431 Servo Demodulator 5-123 
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ML4651 10BASE-T Transceiver 4-10 

ML4652 10BASE-T Transceiver 4-10 

ML4654 10BASE-T Transceiver for Multi-Port Repeaters 4-26 

ML4657 10BASE-T Transceiver with Autopolarity 4-10 

ML4658 10BASE-T Transceiver with Autopolarity 4-10 

ML4661 FOIRL Transceiver 4-36 

ML4809 High Frequency Current Mode PWM Controller 6-9 

ML4810 High Frequency Current Mode PWM Controller 6-20 

ML4811 High Frequency Current Mode PWM Controller 6-20 

ML4812 Power Factor Controller 6-27 

ML4812 Power Factor Controller Evaluation Kit 6-41 

ML4813 Flyback Power Factor Controller 6-42 

ML4815 Zero Voltage Switching Resonant Controller 6-54 

ML4816 High Frequency Multi-Mode Resonant Controller 6-67 

ML4817 High Frequency Single-Ended PWM Controller 6-69 

ML4818 Phase Modulation/Soft Switching Controller 6-70 

ML4819 Power Factor and PWM Controller "Combo" 6-71 

ML4823 High Frequency Current Mode PWM Controller 6-85 

ML4825 High Frequency Current Mode PWM Controller 6-92 

ML8464B Pulse Detector 5-141 

ML8464C Pulse Detector 5-141 
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ML2271 fj? Compatible High Speed 10-Bit A/D Converter with S/H 2-135 

ML2280 8-Bit Serial A/D Converter 2-148 

ML2281 8-Bit Serial A/D Converter 2-166 

ML2282 8-Bit Serial A/D Converter with 2-Channel Multiplexer 2-166 

ML2283 8-Bit Serial A/D Converter with 4-Channel Multiplexer 2-148 

ML2284 8-Bit Serial A/D Converter with 4-Channel Multiplexer 2-166 

ML2288 8-Bit Serial A/D Converter with 8-Channel Multiplexer 2-166 

ML2340 Single Supply Programmable 8-Bit D/A Converter 2-186 

ML2341 Single Supply Programmable 8-Bit D/A Converter 2-197 

ML2350 Single Supply Programmable 8-Bit D/A Converter 2-186 

ML2351 Single Supply Programmable 8-Bit D/A Converter 2-197 
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A/D Converters 


Selection Guide 




Part 
Number 


Resolution 
(Bits) 


Non 
Linearity 
(Max LSB) 


Dynamic Performance 
Signal to Noise Ratio 


Conversion 
Time 

(/us) 


Power 
Supplies 

(V) 


Temperature 

Rangei 

C 1 M 


Package 


Comments 


ADC0808 


8 


±1/2 




6.6 


5 (±10%) 


XXX 


28-Pin DIR 
28-Pin PCC 


fiP Comp, 
8-CH 


ADC0809 


8 


±1 




6.6 


5 (±10%) 


XXX 


28-Pin DIP, 
28-Pin PCC 


fj? Comp, 
8-CH 


ADC0831B 


8 


±1/2 




6.0 


5 (±10%) 


XXX 


8-Pin DIP 


Serial I/O, 
Single CH 


ADC0831C 


8 


±1 




6.0 


5 (±10%) 


XXX 


8-Pin DIP 


Serial I/O, 
Single CH 


ADC0832B 


8 


±1/2 




6.0 


5 (±10%) 


XXX 


8-Pin DIP 


Serial I/O, 
2-CH 


ADC0832C 


8 


±1 




6.0 


5 (±10%) 


XXX 


8-Pin DIP 


Serial I/O, 
2-CH 


ADC0833B 


8 


±1/2 




6.0 


5 (±10%) 


XXX 


14-Pin DIP 


Serial I/O, 
4-CH 


ADC0833C 


8 


±1 




6.0 


5 (±10%) 


XXX 


14-Pin DIP 


Serial I/O, 
4-CH 


ADC0834B 


8 


±1/2 




6.0 


5 (±10%) 


XXX 


14-Pin DIP 


Serial I/O, 
4-CH 


ADC0834C 


8 


±1 




6.0 


5 (±10%) 


XXX 


14-Pin DIP 


Serial I/O, 
4-CH 


ADC0838B 


8 


±1/2 




6.0 


5 (±10%) 


XXX 


20-Pin DIP, 
20-Pin PCC 


Serial I/O, 
8-CH 


ADC0838C 


8 


±1 




6.0 


5 (±10%) 


XXX 


20-Pin DIP, 
20-Pin PCC 


Serial I/O, 
8-CH 


ML2200B 


12 + Sign 


±3/4 


12kHz, ±2.5V SINE, 
S/N 72dB 


31.5 


±5 (±5%) 


X 


40-Pin DIP 


4-CH Data Acq 
Peripheral 


ML2200C 


12 + Sign 


±1 


12i<Hz, ±2.5V SINE, 
S/N 72dB 


31.5 


±5 (±5%) 


X 


40-Pin DIP 


4-CH Data Acq 
Peripheral 


ML2200D 


12 + Sign 


±1 


8.5kHz, ±2.5V SINE, 
S/N 72dB 


44 


±5 (±5%) 


X 


40-Pin DIP 


4-CH Data Acq 
Peripheral 


ML2208B 


12 + Sign 


±3/4 


12kHz, ±2.5V SINE, 
S/N 72dB 


31.5 


±5 (±5%) 


X 


40-Pin DIP 


8-CH Data Acq 
Peripheral 


ML2208C 


12 + Sign 


±1 


12kHz, ±15V SINE, 
S/N 72dB 


31.5 


±5 (±5%) 


X 


40-Pin DIP 


8-CH Data Acq 
Peripheral 


ML2208D 


12 + Sign 


±1 


8.5kHz, ±2.5V SINE, 
S/N 72dB 


44 


±5 (±5%) 


X 


40-Pin DIP 


8-CH Data Acq 
Peripheral 


ML2221B* 


12 + Sign 


±3/4 


8.5kHz, ±5.0V SINE, 
S/N 72dB 


44 


±5 (±5%) 


X X 


16-Pin DIP, 
20-Pin PCC 


Serial, S.RI. 


ML2221C* 


12 + Sign 


±1 


8.5kHz, ±5.0V SINE, 
S/N 72dB 


44 


±5 (±5%) 


X X 


16-Pin DIP, 
20-Pln PCC 


Serial, S.RI. 


ML2222B* 


12 + Sign 


±3/4 


12kHz, ±2.5V SINE, 
S/N 72dB 


35 


±5 (±5%) 


X X 


16-Pin DIP, 
20-Pin PCC 


Serial, CODEC 


ML2222C* 


12 + Sign 


±1 


12kHz, ±2.5V SINE, 
S/N 72dB 


35 


±5 (±5%) 


X X 


16-Pln DIP, 
20-Pin PCC 


Serial, CODEC 



* Future Products 
Note 1. Temperature Range: 
C = 0°C to +70°C, I = 
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A/D Converters 



Part 
Number 


Resolution 
(Bits) 


Non 
Linearity 
(Max LSB) 


Dynamic Performance 
Signal to Noise Ratio 


Conversion 
Time 


Power 
Supplies 

(V) 


Temperature 

Rangei 

C 1 M 


Package 


Comments 


MI???3B* 


12 + Sign 


±3/4 


8.5kHz, ±5.0V SINE, 
S/N 72dB 


44 


±5 (±5%) 


X 


X 




16-Pin DIB 
20-Pin PCC 


Serial, ASYNC 


ML2223C* 


12 + Sign 


±1 


8.5kHz, ±5.0V SINE, 
S/N 72dB 


44 


±5 (±5%) 


X 


X 




16-Pin DIR 
20-Pin PCC 


Serial, ASYNC 


ML2230B 


12 + Sign 


±3/4 


12kHz, ±2.5V SINE, 
S/N 72dB 


31.5 


±5 (±5%) 


X 


24-Pin DIP, 


fj? Comp, 
8-Bit Bus 


ML22J0C 


12 + Sign 


±1 


12kHz, ±2.5V SINE, 
S/N 72dB 


31.5 


±5 (±5%) 


X 


24-Pin Dlf^ 


fj? Comp, 
8-Bit Bus 


ML2230D 


12 + Sign 


±1 


8.5kHz, ±2.5V SINE, 
S/N 72dB 


44 


±5 (±5%) 


X 


24-Pin DIB 


//P Comp, 
8-Bit Bus 


MI??33B 


12 + Sign 


±3/4, 


12kHz, ±2.5V SINE, 
S/N 72dB 


31.5 


±5 (±5%) 


X 


28-Pin DIP, 


//P Comp, 
16-Bit Bus 


ML2233C 


12 + Sign 


±1 


12kHz, ±2.5V SINE, 
S/N 72dB 


31.5 


±5 (±5%) 


X 


28-Pin DIP, 


fiP Comp, 
16-Bit Bus 


ML2233D 


12 + Sign 


±1 


8.5kHz, ±2.5V SINE, 
S/N 72dB 


44 


±5 (±5%) 


X 


28-Pin DIP, 


//P Comp, 
16-Bit Bus 


Ml ??52B 


8 


±1/2 


51kHz, 5V SINE, 
S/N 47dB 


6.6 


5 (±10%) 


X 


X 


X 


20-Pin DIP, 
20-Pin PCC 


//P Comp, 
2-CH 


ML2252C 


8 


±1 


51kHz, 5V SINE, 
S/N 47dB 


6.6 


5 (±10%) 


X 


X 


X 


20-Pin Dip 
20-Pin PCC 


U? Comp, 
2-CH 


ML2258B 


8 


±1/2 


51kHz, 5V SINE, 
S/N 47dB 


6.6 


5 (±10%) 


X 


X 


X 


20-Pin DIB 
20-Pin PCC 


//P Comp, 
8-CH 


ML2258C 


8 


±1 


51kHz, 5V SINE, 
S/N 47dB 


6.6 


5 (±10%) 


X 


X 


X 


20-Pin DIB 
20-Pin PCC 


fiP Comp, 
8-CH 


ML2259B 


8 


±1/2 


51kHz, 5V SINE, 
S/N 47dB 


6.6 


5 (±10%) 


X 


X 


X 


28-Pin DIB 
28-Pln PCC 


//P Comp, 
8-CH 


ML2259C 


8 


±1 


51kHz, 5V SINE, 
S/N 47dB 


6.6 


5 (±10%) 


X 


X 


X 


28-Pin DIB 
28-Pin PCC 


fi? Comp, 
8-CH 


ML2261B 


8 


±1/2 


250kHz, 5V SINE, 
S/N 48dB 


.67 


5 (±5%) 


X 


X 


X 


20-Pin DIB 
20-Pin PCC 


fjiP Comp, 
RD/WR 


ML2261C 


8 


±1 


250kHz, 5V SINE, 
S/N 48dB 


.67 


5 (±5%) 


X 


X 


X 


20-Pin DIB 
20-Pin PCC 


//P Comp, 
RD/WR 


ML2264B 


8 


±1/2 


250kHz, 5V SINE, 
S/N 48dB 


.68 


5 (±5%) 


X 


X 


X 


24-Pin DIB 
24-Pin SOIC 


AfP Comp, RD/WR, 
4-CH Mux 


ML2264C 


8 


±1 


250kHz, 5V SINE, 
S/N 48dB 


.68 


5 (±5%) 


X 


X 


X 


24-Pin DIB 
24-Pin SOIC 


/iP Comp, RD/WR, 
4-CH Mux 


ML2271B* 


10 


±1/2 


150kHz, 5V SINE, 
S/N 60dB 


1.5 


5 (±5%) 


X 


X 


X 


20-Pin DIB 
20-Pin SOIC 


/iP Comp, 
RD/WR 


ML2271C* 


10 


±1 


150kHz, 5V SINE, 
S/N 60dB 


1.5 


5 (±5%) 


X 


X 


X 


20-Pin DIB 
20-Pin SOIC 


fj? Comp, 
RD/WR 


ML2280B 


8 


±1/2 


51kHz, 5V SINE, 
S/N 47dB 


6.6 


5 (±10%) 


X 


X 


X 


8-Pin DIP 


Serial I/O, 
Single CH 


ML2280C 


8 


±1 


51kHz, 5V SINE, 
S/N 47dB 


6.6 


5 (±10%) 


X 


X 


X 


8-Pin DIP 


Serial I/O, 
Single CH 


ML2281B 


8 


±1/2 


51kHz, 5V SINE, 
S/N 47dB 


6.6 


5 (±10%) 


X 


X 


X 


8-Pin DIP 


Serial I/O, 
Single CH 


ML2281C 


8 


±1 


51kHz, 5V SINE, 
S/N 47dB 


6.6 


5 (±10%) 


X 


X 


X 


8-Pin DIP 


Serial I/O, 
Single CH 


ML2282B 


8 


±1/2 


47.5kHz, 5V SINE, 
S/N 47dB 


6.6 


5 (±10%) 


X 


X 


X 


8-Pin DIP 


Serial I/O, 
2-CH 


ML2282C 


8 


±1 


475kHz, 5V SINE, 
S/N 47dB 


6.6 


5 (±10%) 


X 


X 


X 


8-Pin DIP 


Serial I/O, 
2-CH 


* Future Pr 
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Part 
Number 


Resolution 
(Bits) 


Non 
Linearity 
(Max LSB) 


Dynamic Performance 
Signal to Noise Ratio 


Conversion 
Time 


Power 
Supplies 

(V) 


Temperature 

Ranged 

C 1 M 


Package 


Comments 


ML2283B 


8 


±1/2 


36.5kHz, 5V SINE, 
S/N 47dB 


6.6 


5 (±10%) 


XXX 


14-Pin DIP 


Serial I/O, 
4-CH 


ML2283C 


8 


±1 


36.5kHz, 5V SINE, 
S/N 47dB 


6.6 


5 (±10%) 


XXX 


14-Pin DIP 


Serial I/O, 
4-CH 


ML2284B 


8 


±1/2 


39kHz, 5V SINE, 
S/N 47dB 


6.6 


5 (±10%) 


XXX 


14-Pin DIP 


Serial I/O, 
4-CH 


ML2284C 


8 


±1 


39kHz, 5V SINE, 
S/N 47dB 


6.6 


5 (±10%) 


XXX 


14-Pin DIP 


Serial I/O, 
4-CH 


ML2288B 


8 


±1/2 


36.5kHz, 5V SINE, 
S/N 47dB 


6.6 


5 (±10%) 


XXX 


20-Pin DIP, 
20-Pin PCC 


Serial I/O, 
8-CH 


ML2288C 


8 


±1 


36.5kHz, 5V SINE, 
S/N 47dB 


6.6 


5 (±10%) 


XXX 


20-Pin DIP, 
20-Pin PCC 


Serial I/O, 
8-CH 



* Future Products 

Note 1. Temperature Range: 

C = 0°C to +70°C, I = -40''C to +85°C, M = -55°C to +125*'C 



j^ Micro Linear 



2-3 



^■ 


!il¥ll\#l 


rv m 


■II IC 


rcii 






D/A Converters 


Selection Guide 




Part 
Number 


Resolution 
(Bits) 


Non 
Linearity 
(Max LSB) 


Settling 
Time 

(iL's Max) 


Power 
Supplies 

(V) 


Reference 


Output 
Voltage 

(\0 


Temperature 

Range 
C 1 M 


Package 


Coriiiiients 


ML2340B 


8 
(11-bits with 
gain ranging) 


±V4 


5 


Single 5 or 12, 
dual ±5 


2.25 or 4.50 


Rail-to-rail, 
bipolar, 
unipolar 


XXX 


18-pin DIP 
18-pin SOIC 


Flow through, 
or single 
buffered data 


ML2340C 


8 
(11-bits with 
gain ranging) 


±1/2 


5 


Single 5 or 12, 
dual ±5 


2.25 or 4.50 


Rail-to-raii, 
bipolar, 
unipolar 


XXX 


18-pin DIP 
18-pin SOIC 


Flow through, 
or single 
buffered data 


ML2341B 


8 
(11-bits with 
gain ranging) 


±1/4 


5 


Single 5 or 12, 
dual ±5 


2.25 or 4.50 


Rail-to-rail, 
bipolar, 
unipolar 


XXX 


20-pin DIP 
20-pin PCC 


Double or single 
buffered data 


ML2341C 


8 
(11-bits with 
gain ranging) 


±1/2 


5 


Single 5 or 12, 
dual ±5 


2.25 or 4.50 


Rail-to-rail, 
bipolar, 
unipolar 


XXX 


20-pin DIP 
20-pin PCC 


Double or single 
buffered data 


ML2350B 


8 
(11-bits with 
gain ranging) 


±1/4 


5 


Single 5 or 12, 
dual ±5 


2.50 or 5.00 


Rail-to-rail, 
bipolar, 
unipolar 


XXX 


18-pin DIP 
18-pin SOIC 


Flow through, 
or single 
buffered data 


ML2350C 


8 
(11-bits with 
gain ranging) 


±1/2 


5 


Single 5 or 12, 
dual ±5 


2.50 or 5.00 


Rail-to-rail, 
bipolar, 
unipolar 


XXX 


18-pin DIP 
18-pin SOIC 


Flow through, 
or single 
buffered data 


ML2351B 


8 
(11-bits with 
gain ranging) 


±1/4 


5 


Single 5 or 12, 
dual ±5 


2.50 or 5.00 


Rail-to-rail, 
bipolar, 
unipolar 


XXX 


20-pin DIP 
20-pin PCC 


Double or single 
buffered data 


ML2351C 


8 
(11-bits with 
gain ranging) 


±1/2 


5 


Single 5 or 12, 
dual ±5 


2.50 or 5.00 


Rail-to-rail, 
bipolar, 
unipolar 


XXX 


20-pin DIP 
20-pin PCC 


Double or single 
buffered data 



* Future Products 

Note 1. Temperature Range: 

C = O^C to +70°C, I = -40°C to +85°C, M = -55°C to +125°C 
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PRELIMINARY 



ML2200, ML2208 



12-Bit Plus Sign Data Acquisition Peripheral 



GENERAL DESCRIPTION 

The ML2200 and ML2208 Data Acquisition Peripherals (DAP) 
are monolithic CMOS data acquisition subsystems. These 
data acquisition peripherals feature an input multiplexer, a 
programmable gain instrumentation amplifier, a 2.5V 
bandgap reference, and a 12-bit plus sign A/ D converter with 
built-in sampie-and-hold. In addition to a general purpose 
8-bit microprocessor interface, the ML2200 and ML2208 
include a programmable processor, data buffering, a 16-bit 
timer, and limit alarms. 

The ML2200B and ML2208B self-calibrating algorithmic 
A/D converters have a maximum non-linearity error 
over temperature of 0.018% of full-scale, while the 
ML2200Q ML2200D, ML2208Q and ML2208D have a 
maximum non-linearity error over temperature of 
0.024%. 

The ML2200 has a four channel differential input multiplexer 
and the ML2208 has an eight channel single ended input 
multiplexer. 

The digital interface, with software-alterable configurations, is 
designed to off-load the microprocessor. Control of the DAP 
is autonomously handled through the control sequencer 
which receives its instructions from the instruction RAM. 



31.5jL(snnax 

2.3/iS max 

+y4LSB and +1LSB max 

0.01 7o 



FEATURES 

■ Resolution 12 bits 4- sign 

■ Conversion time 
(including S/H acquisition) 

■ Sample-and-hold acquisition 

■ Non-linearity error 

■ Low harmonic distortion 

■ No missing codes 

■ Self-calibrating— maintains accuracy over time and 
temperature 

■ Inputs withstand |7V| beyond supplies 

■ Internal voltage reference 2.5V ±2% 

■ Four differential or eight single-ended input channels 

■ Data buffering (8 word data RAM) 

■ Programmable limit alarm 

■ 8-Bit microprocessor interface— interrupt, DMA, or 
polling 

■ 16-Bit timer for programmable conversion rates 

■ Standard hermetic 40-pin DIP 
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PIN DESCRIPTIONS 



PIN NO. NAME 



FUNCTION 



PIN NO. NAME 



FUNCTION 



1 AGND Analog Ground. 

2 VjEMP Voltage output proportional to the 

die temperature. 

3 Vref Internal voltage reference output 
4-11 CH Analog Inputs. 

ML2200— Positive or negative 
input of four differential inputs 
ML2208 — Eight single ended in- 
puts referenced to common pin. 
Digitally selected by control 
sequencer. 

ML2200 — No connection. 
ML2208 — Negative common 
input for the eight input channels. 
Tie to analog ground or (Vss 4-2.5) 
to(AVcc-2.5V) 

Negative power supply; decouple 
to AGND. 

Pow er- Down Input. When 
Pdn = 0^ device in power-down 
mode with register contents 
retained if AVcc >2.0V. 
No Connection. 
Bidirectional data bits. 
Digital Ground. 

Digital power supply. Tie to AVcc 
from same power supply. 
Bidirectional data bits. 
In the slave mode, SYNC is a 
positive edge triggered input used 
to start a conversion. In master 
mode, SYNC is an output and 
indicates a conversion has 
occurred. 
27 INT Interrupt output. A maskable inter- 

rupt programmable to be active 
high or low or will default to active 
high. INT will not clear until ac- 
knowledged in halt mode; not 
affected by the run or halt state. 
1NT = during reset and inactive 
during Pdn- 



28 



12 


NC 




COM 


13 


Vss 


14 


Pdn 


15 


NC 


16-19 


D7, D6, D5, D4 


20 


DGND 


21 


DVcc 


22-25 


D3, D2, Dl, DO 


26 


SYNC 



29 
30 



31 



32 



33 



39 



40 



A2 


Al 


AO 
CS 
RD 



DBR Data Buffer Ready output active 

high indicates that a sequence of 
operations has completed and 
data is ready to transfer. DBR is not 
maskable. It can be used to gener- 
ate an interrupt in addition to the 
INT pin when the DBRIE bit in the 
interrupt mask register has not 
been enabled. DBR is the DMA 
request pin when DMA mode is 
enabled. DBR is not active unless 
in run mode and at least one se- 
quence of operations has been 
completed. DBR remains active in 
the halt mode if not acknowl- 
edged; low during reset time and 
power-down. 
DGND Digital Ground. 

CLK Clock input. Drive with an external 

clock or crystal reference to 
DGND. The crystal must be paral- 
lel resonant with minimum capaci- 
tive loading (i.e., No bypass caps 
should be used and leads should 

be kept short). 

RESET Active low hardware reset with 

internal pull up resistor of 200 K. 
Tie to system reset line or to 
grounded capacitor. The capacitor 
size (usually >6jL-tF) is based on the 
time the power supplies stabilize, 
to the time reset voltage reaches 
1.4V(>400ms). 

TcLK External timer, Tclk 's used as 

external clock input for the 16-bit 
timer when the Tclk bit in the 
control register is set to one. 

ALE Address latch enable, active low 

latchjes information on AO, Al, A2 
and CS. Tie to AVcc to disable use 
when separate address and data 
bus are used. 
Address 2 
Address 1 
Address 

Chip select, active low 
Read, active low enables ML2200 

or ML2208 to drive data bus. 

WR Write, active low allows writing 

into the registers. 
A Vcc Positive analog Power supply. De- 

couple to AGND. Tie to DVcc 
from same power supply 
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PIN CONNECTIONS 



ML2200 

40-PIN DIP 



ML2208 

40-PIN DIP 



AGND [ 


1 ^^^ 40 


] AVcc 


Vtemp [ 


2 


39 


] WR 


Vref[ 


3 


38 


]rd 


CHO+[ 


4 


37 


]cs 


CHO- [ 


5 


36 


] AO 


CH1+[ 


6 


35 


] A1 


CHI- [ 


7 


34 


] ^^ 


CH2+ [ 


8 


33 


] ALE 


CH2- [ 


9 


32 


]Tclk 


CH3+[ 


10 


31 


] RESET 


CHS- [ 


11 


30 


]CLK 


NC[ 


12 


29 


] dgnd 


Vss[ 


13 


28 


]dbr 


Pdn[ 


14 


27 


] INT/INT 


NC[ 


15 


26 


]sync 


D7[ 


16 


25 


]do 


D6[ 


17 


24 


]di 


D5[ 


18 


23 


]d2 


D4 [ 


19 


22 


] D3 


dgnd[ 


20 


21 


]dvcc 



AGND [ 


1 ^^ 40 


]avcc 


Vtemp [ 


2 


39 


]WR 


Vref[ 


3 


38 


]rd 


CH0[ 


4 


37 


]cs 


CHl[ 


5 


36 


] AO 


CH2[ 


6 


35 


] A1 


CH3[ 


7 


34 


] A2 


CH4[ 


8 


33 


] ALE 


CH5[ 


9 


32 


] TcLK 


CH6[ 


10 


31 


] RESET 


CH7[ 


11 


30 


]CLK 


com[ 


12 


29 


] DGND 


Vss[ 


13 


28 


] DBR 


Pdn[ 


14 


27 


] INT/INT 


NC[ 


15 


26 


]SYNC 


D7[ 


16 


25 


]do 


D6[ 


17 


24 


]di 


D5[ 


18 


23 


]d2 


D4[ 


19 


22 


]d3 


dgnd[ 


20 


21 


]dvcc 



ABSOLUTE MAXIMUM RATINGS 

(Note 1) 

Supply Voltages (AVcc and DVcc) 6.0V 

Negative Supply Voltage (Vss) -6.0 V 

Voltage at Analog Inputs Vss- 7V to AVcc +7V 

VoltageatVREF Vss-7VtoAVcc +7V 

Input Current per Digital Pin ±10mA 

Input Current at Analog Inputs ±20mA 

Storage Temperature Range -65°Cto +150°C 

Package Dissipation @ 25° C 1 W 

Lead Temperature (Soldering 10 sec.) 

Dual-ln-Line Package (Ceramic) 300°C 



OPERATING CONDITIONS 

(Note 2) 

Temperature Range Tmin ^ T^ < Tmax 

ML2200BCJ, ML2200CCJ, ML2200DCJ 0°C to 70°C 

ML2208BCJ, ML2208CCJ, ML2208DCJ O^C to 70°C 

Supply Voltage (AVcc and DVcc) 4.5Vdc to 6.0Vdc 

Negative Supply Voltage (Vss) -4.5Vdc to -6.0Vdc 
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ELECTRIOVL CHARACTERISTICS 

The following specifications apply for AVcc = DVcc = +5V ± 5%, Vss = -5V ± 5%, AGND = DGND = COM = CHX- = 
OV, Ta = Tmin to Tmax unless otherwise specified. Cl = lOOpF for DO-D;; Cl = 50pF for INX DBR, and SYNC. 



SYMBOL 


PARAMETER 


NOTES 


- ■- ■- - -■ 

CONDITIONS 


MIN 


TYP 
NOTE 3 


MAX 


UNITS 


Converter Characteristics 




Linearity Error 
ML2200BCJ, ML2208BCJ 
ML2200CCJ, ML2208CCJ 
ML2200DCJ, ML2208DCJ 


4 


fccLK = 0.1 < 7MHz 
fcCLK = 0.1 < 7MHz 
^CCLK = 0.1 < 5MHz 






±3/4 
±1 

±1 


LSB 
LSB 
LSB 




Unadjusted Zero Error 
ML2200BCJ, ML2208BCJ 
ML2200CCJ, ML2208CCJ 
ML2200DCJ, ML2208DCJ 


4 








±3/4 
±2 

±2 


LSB 
LSB 
LSB 




Unadjusted Positive and Negative 
Full Scale Error 


5 








±4 


LSB 




Zero Error Temperature Coefficient 








0.5 




ppm/^C 




Gain Temperature Coefficient 




External Reference 




3 




ppm/^C 




Common-Mode Rejection 


13 






80 




dB 




Analog Input Range 


5 


All Analog Inputs 


Vss-0.05 




AVcc+0.05 


V 




External Source Resistance 
for Analog Inputs 


5 
5 


Channel = Analog Input 
Channel = Voltage Reference 






2 
0.5 


kfi 
kQ 




Differential Analog Input Range 


4 


CHX referred to COM 

for ML2208 

CHX+ referred to CHX- for 

ML2200 


-Vref 




+Vref 


V 




Off Channel Leakage Current 


5,6 


On Chan = 2.5y 
Off Chan = -2.5V 
On Chan = -2.5V 
Off Chan = 2.5V 


-100 




+100 


nA 




On Channel Leakage Current 


5, 6 


On Chan = -2.5V 
Off Chan = 2.5V 
On Chan = 2.5V 
Off Chan = -2.5V 


-100 




+100 


nA 




Gain Error 




Gain = 2, 4, or 8 




0.03 




% 


Voltage Reference and V^Ei^p Characteristics 




Vrep Absolute Value 


4 


Referred to AGND 


2.45 




2.55 


V 




Vref Output Pin 
Output Resistance 
Minimum Load Resistance 
Maximum Load Resistance 
Temperature Coefficient 
Line Regulation 

Load Regulation 
Output Noise 


5 
5 
5 


4.75 < AVcc ^ 5.25 
-4.75 > Vss ^ -5.25 
1/yA - 2.5mA 


1 


50 

1 

1 

1 
100 


300 
50 


mO 
kQ 

pF 
ppm/°C 

mV 

mV 

mV 
/^Vrms 




VjEMP Output Pin 
Absolute Value @ 25**C 
Volts per *»C 








AVcc-1.5 
5 




V 
mV/«C 
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ELECTRICAL CHARACTERISTICS (Continued) 

The following specifications apply for AVcc = DVcc = +5V ± 5%, Vss = -5V ± 5%, AGND = 
oy Ta = Tmin to Tmax unless otherwise specified. Cl = lOOpF for D0-D7, Cl = 50pF for INT, 



DGND = COM = 
DBR, and SYNC. 



CHX- = 



SYMBOL 



PARAMETER 



NOTES 



CONDITIONS 



MIN 



TVP 
NOTE 3 



MAX 



UNITS 



DC Characteristics 





Power Supply Current 
A\qq, Analog AV^c 
DIco Digital DVcc 
Iss. Vss 


4 
12 
4 


RD = CS = V,H 




30 
10 
18 


50 
30 


mA 
M 
mA 


Ice 
'ss 


Standby Current AVcc + DVcc 
Standby Current 

VccPD Minimum AVcc and DVcc fof" 
power-down data retention 


4, 9 


Pdn pin = GND 

Pdn pin = GND 
Vss = -5.25 to GND 


2 


10 
10 


1000 
1000 


M 
M 

V 




Power Supply Rejection 
AVcc/DVcc 

Vss 


7 


DC 

DC to 25kHz, 200mVp_p 

DC 

DC to 25kHz, 200mVp_p 




80 
50 
80 
50 




dB 
dB 
dB 
dB 


V,L 


Input Low Voltage (except CLK, tcLK) 


4 








0.8 


V 


V,L1 


Input Low Voltage (CLK, tcLK) 


4 








0.8 


V 


V,H 


Input High Voltage (except CLK, tciK) 


4 




2.0 






V 


V,H1 


Input High Voltage (CLK, tcLK) 


4 




3.5 






V 


Vol 


Output Low Voltage 


4 


Iql = 2.0mA 






0.45 


V 


Vqh 


Output High Voltage 


5 


Iqh = -ImA 


4.0 






V 


II 


Input Leakage Current (except CLK 
and RESET) 


4 


GND < V,N < Vcc 






±10 


M 


Ili 


Input Leakage Curent (CLK) 


4 


GND < V,N < Vcc 






±200 


M 


Ilo 


Output Leakage Curent (D0-D7) 


4 


RD = CS = V|H 






±10 


M 


Irst 


RESET Pin Source Current 


4 


RESET = OV 


15 


50 


100 


M 


c, 


Input Capacitance (All Digital Inputs) 








10 




PF 


Co 


Output Capacitance (All Outputs and 
D0-D7) 








20 




PF 



AC Electrical Characteristics (Note 8) 



tc 


Conversion Time 


4,9 


CLK Mode = 


fcLK = 70MHz 


31.5 






fJS 




fcLK = 5.0MHz 


44.0 






//s 




Sample and Hold Acquisition 


4, 9 


CLK Mode = 


fcLK = 70MHz 






2.3 


fJS 




fcLK = 5.0MHz 






3.2 


^s 


SNR 


Signal-to-Noise Ratio 




V = 10kHz, 2.5V Sine. 

fcLK = 7MHz 

(f SAMPLING = 31.8kHz). Noise is 

sum of all nonfundamental 

components up to V2 of 

fsAMPLING- 




73 




dB 


THD 


Total Harmonic Distortion 




V = 10kHz, 2.5V Sine. 
fcLK = 7MHz 

(fsAMPLiNG = 31.8kHz). THD is 
sum of 2, 3, 4, 5 harmonics 
relative to fundamental. 




-75 




dB 



2-10 



JS^ Micro Linear 



ML2200, ML2208 



ELECTRICAL CHARACTERISTICS continued) 

The following specifications apply for AVcc = DVcc = +5V ± 5%, Vss = -5V + 5%, AGND = DGND = COM = CHX- = 
Oy Ta = Tmin to Tmax unless otherwise specified. Cl = 100pF for D0-D7, Cl = 50pF for INT, DBR, and SYNC 



SYMBOL 



PARAMETER 



NOTES 



CONDITIONS 



TYP 
MIN NOTE 3 



MAX 



UNITS 



AC Electrical Characteristics (Note 8) (Continued) 



IMD 


Intermodulation Distortion 




V|N = fA + fe- fA = 9kHz, 125V 
sine, fg = 10kHz, 1.25V sine. 
fcLK = 7MHz 

(fsAMPLINC = 31.8kHz). 

IMD is (fA + fe), 
(fA - U (2fA - fe). (2fA - fs). 
(fA + 2fB), (fA - 2fB) relative 
to fundamental. 




-75 




dB 


FR 


Frequency Response 




V|N = to 10kHz, 2.5V sine 
relative to 1kHz 




0.01 




dB 


fcLK 


CLK Frequency 


4 


(no crystal) 


0.1 




7 


MHz 


^CLKX 


CLK Frequency 


4 


(crystal) 


3 




7 


MHz 


fcLKI 


Internal CLK Frequency 








1/2 




fcLK or 

fcLKX 


fcLKT 


CLK Frequency (tcLK only) 


4 








fcLKI 


MHz 


tCLKW 


Minimum Clock High/Low Width 
(CLK) 


5 




50 






ns 


tcLKWT 


Minimum Clock High/Low Width 

(tCLK) 


5 




75 






ns 


tRF 


Maximum Rise/Fall Times, All Inputs 


5 








25 


ns 


Preset 


Minimum Reset Active Time 


4, 10 




10 






fcLKi 
Periods 


tpDN 


Power-Up Time 




Time After Pqn = V|h 




1 




ms 



Multiplexed Data Bus Timing 



tAL 


Address to ALE Setup Time 


4 




20 






ns 


tLA 


Address Hold Time After ALE 


4 




20 






ns 


tic 


Latch to RD or WR Control 


4 




20 






ns 


tRD 


Valid Data Delay from Read 


4 








150 


ns 


tAD 


Address Stable to Valid Data 


5 




150 






ns 


tLL 


ALE Width 


4 




80 






ns 


tDF 


Data Bus Float After Read 


4 




10 




50 


ns 


tCL 


Read or Write Control to ALE 


4 




20 






ns 


tec 


Read or Write Control Width 


4 




150 






ns 


tow 


Data Setup Time for Write 


4 




100 






ns 


twD 


Data Hold Time for Write 


4 











ns 


tRV 


Recovery Time Between Two Reads 
or Writes 


4 




250 






ns 



Non-Multiplexed Data Bus Timing 



tAD 


Address Stable to Valid Data 


5 




150 






ns 


tAR 


Address Stable Before Read 


4 











ns 


tRA 


Address Hold Time for Read 


4 











ns 


tRR 


Read Pulse Width 


4 




150 






ns 


tRD 


Data Delay from Read 


4 








150 


ns 


tDF 


Read to Data Float 


4 




10 




50 


ns 
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ELECTRICAL CHARACTERISTICS (Continued) 

The following specifications apply for AVcc = DVcc = +5V ± 5%, Vss = -5V ± 5%, AGND = DCND = COM = CHX- 
OV, Ta = Tmin to Tmax unless otherwise specified. Cl = lOOpF for DO-D:^ Cl = 50pF for INX DBR, and SYNC. 



SYMBOL 


PARAMETER 


NOTES 


CONDITIONS 


MIN 


TYP 
NOTE 3 


MAX 


UNITS 


Non-Multiplexed Data Bus Timing 


tRV 


Recovery Time Between Two Reads 
or Writes 


4 




250 






ns 


Uw 


Address Stable Before Write 


4 











ns 


twA 


Address Hold Time for Write 


4 











ns 


tww 


Write Pulse Width 


4 




150 






ns 


tow 


Data Setup Time for Write 


4 




100 






ns 


tWD 


Data Hold Time for Write 


4 











ns 


DMA Interrupt and SYNC Timings 


tCKDBR 


Clock to DBR Assert 


11, 4 


DMA 




120 


180 


ns 


tRDD 


Read to DBR Negation on Last Byte 


4 






110 


160 


ns 


tCKDBR 


Clock to DBR or tcKiNT/ 'NT Assert 


11, 4 


Non-DMA 




100 


180 


ns 


twRDBR 


Write to DBR or twRiNT 'NT Negation 


11,4 






70 


120 


ns 


tCKSYNC 


Clock to SYNC Delay 


11,4 


Master Mode 




150 


200 


ns 


tSYNCN 


SYNC Input Width 


5 




3 






fcLKi 


tsYNCCK 


SYNC to Clock Setup 


4 


Slave: Mode 4 Only 


50 






ns 


tsYNCO 


Minimum SYNC Output Width 


4 




4 




4 


^CLKI 



Note 1: Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 

specified are measured with respect to ground. 
Note 2: 0°C to +70°C operating temperature range devices are 100% tested with temperature limits guaranteed by 100% testing, sampling, or 

by correlation with worst-case test conditions. 
Note 3: Typicals are parametric norm at 25°C. 
Note 4: Parameter guaranteed and 100% production tested. 

Note 5: Parameter guaranteed. Parameters not 100% tested are not in outgoing quality level calculation. 
Note 6: Leakage current is measured with the clock not switching. 

Note 7: Power supply rejection is the ratio of the change in zero error to the change in power supply voltage. 
Note 8: All parameters measured from 0.8V to 2.0V. 
Note 9: Power-down current is with power-down pin at GND potential only. Any other level will dissipate more power. Other digital input 

pins may float but cannot be above Vqq or below GND. 
Note 10: RESET should be held active for at least 10 internal clocks after power supplies have stabilized to within 5% of 5V. 
Note 11: Since the internal master clock is the input clock divided by 2, this number can be either the maximum listed or the maximum listed 

plus 1/6 the input clock period. 
Note 12: When RD = CS = V|l, the current into the DV^c pin depends on the load on the data bus pins D0-D7. 
Note 13: Common-Mode rejection is the ratio of the change in zero error to the change in common-mode input voltage. 



2-12 



Micro Linear 



ML2200, ML2208 



TIMING DIAGRAMS 
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Z 



\ 



^ DATA ^ 



\ 



v 



r -J\ \ 



\ 



T 



\ ADDRESS §^ \ DATA VALID t 



\ ¥ 



r 



-tRV- 



V 



Figure 2. Multiplexed Bus 
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A "° % . 
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X 



K 



-tww ^ 



i 



X 



Figure 3. Non-Multiplexed Bus 
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TIMING DIAGRAMS (Continued) 



r^^-^A. 



I 



1 



v^'-^^ 



-tRDD 



FIRST BYTE LAST BYTE 

THERE ARE 2*n READ OPERATIONS WHERE n IS THE NUMBER 
OF WORDS TO BE TRANSFERRED. DBR IS SET AND CLEARED BY 
INTERNAL CIRCUITRY 

NOTE: DMA BIT IN THE CONTROL REGISTER MUST BE SET FOR 
THIS OPERATION, 



Figure 4. DMA Mode 






tCKDBRORtcKINT 



"^ K 



tvVRDBR OR tvVRINT 



1 



Figure 5. DBR and INT (Non-DMA Mode) 



MASTER MODE 



/T^J^A 



tCKSYNC- 



yf 



\ 



^ tSYNCO- 



-tCKSYNC 




Figure 6. SYNC 



W FUNCTIONAL DESCRIPTION 

1.1 Algorithmic A/ D Ginverter 

Micro Linear's algorithmic converter uses a successive ap- 
proximation technique. Most of today's successive approxi- 
mation converters use a DAC to feed back the approximated 
signal, however this technique requires more circuitry than 
algorithmic converters. In addition the values of all of the 
resistors or capacitors in the DAC must be matched to within 
the accuracy of the converter. This is difficult to do in silicon 
beyond 10 bits unless trimming is used. An algorithmic con- 
verter uses less circuitry and is more easily trimmed. Micro 
Linear's algorithmic converter is implemented using a 2 x 
amplifier, a sample/ hold amp, and a comparator as shown 
in Figure 7. 




Figure 7. Self Calibrating A/ D Converter 



The Input sample is first multiplied by two then compared to 
the reference voltage. If the 2 x input voltage is greater than 
the reference, the MSB is a 1 and the reference voltage is 
subtracted from the 2x input voltage. The remainder is 
stored in the sample-and-hold. If the 2 x input voltage is less 
than the reference, the MSB is a and the 2 x input voltage is 
stored in the sample-and-hold. This process repeats again, 
however now the sample-and-hold voltage is multiplied by 2. 

Self-Calibration 

In order to maintain integral and differential linearity to the 
Vi LSB level in an algorithmic converter, two critical parame- 
ters need to be controlled, loop offsets and the gain of the 
loop. Loop offsets are automatically nulled before each con- 
version using auto-zeroing circuitry on both the sampling 
amp and the 2 x amp. The gain of the loop is adjusted using 
self-calibration. 

Self-calibrating the algorithmic converter, once the offsets 
have been nulled, is performed by measuring the 2 x gain of 
the loop and adjusting it. The gain can be measured by con- 
verting the reference voltage as the input as well as the refer- 
ence (Vref/Vref)/ and examining the output code. 
Converting Vref should yield plus full-scale, since Vref/Vref 
should equal 1. If the gain of the loop is slightly less than 2, 
the resulting LSB of the conversion will be "0". If the magni- 
tude bits of the resulting conversion are all "Is", the gain may 
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be too great, therefore the gain is reduced to the point where 
the threshold of the LSB is reached. 

Adjustment of the 2 x gain is done with the binary weighted 
trim capacitor arrays connected to each of the 2C input ca- 
pacitors. A small value of capacitance is either added to or 
subtracted from the 2C input caps until the gain of the loop is 
within 13-bit accuracy of 2. 

1.2 Multiplexer Input 

The input voltage is ± 2.5 V relative to COM of the ML2208 
oraCH- oftheML2200. The input voltages under normal 
operation must not exceed supply voltages by 0.05 V. Each 
channel is selected by the programmable sequencer. 

1.3 Internal Voltage Reference and Vjemp 

The internal bandgap voltage reference with a temperature 
coefficient of 50ppm /°C has an external use current of 
2.5 mA. 

The voltage reference Vjemp output is directly proportional to 
the chip temperature. 

1.4 Conversion Times 

The following table lists the conversion times which include 
the sample-and-hold acquisition time. For a CALRD and 
CALWR no A/ D conversion actually takes place. 



Operation 


Number of 
Internal Clocks* 


8-bit A/ D 


80 


13-bit A/ D 


110 


CALWR 


52 


CALRD 


80 



* Internal clock is the external clock divided by two. 

1.5 Sample-and-Hold Timing 

Figure 8 shows the internal timing for the sample-and-hold 
circuitry. The relationship between the "Start of Conversion" 
and the input channel going into sample mode is fixed at 6 



internal clocks, regardless of the Start Mode. Six internal 
clocks after the Start of Conversion, the Sample-and-Hold is 
switched into the sample mode, placing two 9 pF capacitors 
in parallel with the input pins; one on CH -i- and one on CH - 
for the ML2200, and CH and COM for the ML2208. The 
sample switch is kept in the sample mode for 8 internal 
clocks (2.3 /iS at a 7 MHz external clock), then placed in the 
hold mode. During the next 2 internal clocks the charge on 
the sample-and-hold is transferred into the A/ D, after which 
the Vref pin is sampled for 8 internal clocks. 
Figure 8 also illustrates the timing of the SYNC pin in Master 
Mode during a conversion. SYNC is activated one internal 
clock cycle before the Start of Conversion and lasts for four 
internal clocks. 

1.6 Analog Inputs 

Differential Inputs and Common-Mode Rejection 

The differential inputs of the ML2200 eliminate the effects of 
common-mode input noise (60 Hz, for example), as CH -i- 
and CH - are sampled at the same time. 

Noise 

The leads to the analog inputs should be kept as short as 
possible to minimize output noise. Noise as well as digital 
clocks can couple into the inputs and cause errors. Input 
filters can be used to reduce the effects of these sources. 

Power Supply Decoupling 

Low inductance tantalum capacitors of IptF or greater and 
0.01 jL(F disc ceramic capacitors are recommended for bypass- 
ing AVcc as well as Vss to AGND. These capacitors should be 
placed close to the AVcc ^ind Vss pii^s. 

2.0 mP hardware interface 

The microprocessor interface is a byte-oriented structure 
which occupies eight memory or I /O locations in the 
microprocessor's address space. Each register is readable and 
writable via the chip select, read and write pins, three ad- 
dress lines, and 8-bit data bus. 
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START OF CONVERSION 



NOTE: 

1. EXTERNAL CLOCK IN PHASE WITH INTERNAL CLOCK USING RESET 

2. IMMEDIATE EXECUTE MODE WHERE START OF CONVERSION AND 
START OF OPERATION OCCUR AT THE SAME TIME. 



Figure 8. Sample-and-Hold Timing 
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Interfaces are shown for multiplexed address data bus in 
Figure 9 and Figure 10. When non-multiplexed interfaces are 
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used, ALE can be tied high. All internal address and chip 
select latches are transparent. 
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Figure 9. 8-Bit Multiplexed Bus Interface 



Figure 10. 16-Bit Multiplexed Bus Interface 



2.1 Interrupts 

The ML2200 and ML2208 provide two interrupt pins, one for 
control /status interrupts (INT), and one for data interrupts 
(DBR). The standard INT pin is maskable via an interrupt 
mask register while the DBR pin is always enabled to signify 
that data is available. DBR can be mapped into the INT pin if 
only one interrupt pin is desired. 

The interrupt pin (INT) can be programmed, via the Interrupt 
Bit Mask register, to be active high, or active low. When pro- 
grammed for active high, it is driven in both directions. When 
INT is programmed for active low, it is an open drain output, 
therefore an external pull-up resistor of 2.5 kQ or more 
should be used. The DAP's Status register can be read to 
determine whether its interrupt is active or not. 



2.2 DMA 

The separate DBR pin can also serve as a DMA request signal 
when DMA operation is enabled in the Control register. DBR 
goes active high when the data buffer is full and ready to be 
read. DBR remains high until the last byte in the data buffer 
has been read. This allows back-to-back DMA cycles or sin- 
gle cycle transfers depending on how the DMA controller is 
programmed. The data for the DMA cycle is transferred over 
the 8-bit data bus at address (A0-A2 = 0). The ML2200 or 
ML2208 automatically places both high and low bytes of the 
16-bit wide data buffer at address or 1 for the DMA control- 
ler to read. The LOBYT bit in the Control register specifies 
whether the high or low byte is placed on the bus first. Figure 
11 shows a block diagram interfacing to the 8237 DMA 
controller. 




Figure 11. DMA Interface 
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3.0 REGISTER DEFINITIONS 

These data acquisition peripherals contain six directly ad- 
dressable 8-bit registers, and twenty indirectly addressable 16- 
bit registers. Figure 12 illustrates the register architecture while 
Figures 13, 14 & 15 illustrate the bit maps and addresses. The 



first three primary registers (Window Low, Window High, and 
Index) are used to access the 20 secondary registers. Window 
Low and Window High provide read/write access to the low 
and high bytes of the secondary register pointed to by Index. 



SECONDARY 

INDEX 
REGISTER 

VALUE 
(RS4-RS0) UPPER BYTE LOW 

( 00000 



ADDRESS BIT 7 


BIT 6 


BITS 


BIT 4 BIT 3 BIT 2 


BITl 


BITO 


READ/WRITE 


000 


D7 


D6 


D5 


D4 1 D3 1 D2 


Dl 


DO 1 








WINDOW LOW REGISTER 






READ/WRITE 


001 


D15 


D14 


D13 


D12 1 D11 1 DIO 


D9 


D8 1 








WINDOW HIGH REGISTER 






READ/WRITE 


010 


AUTOI 1 ** 


** 1 RS4 1 RS3 1 RS2 


RSI 


RSO 1 








INDEX REGISTER 






READ/WRITE 


Oil 


CAL 


1 RESET 


SLFTST 


TCLK 1 DMA 1 LOBYT 


MSTR 


RUN 1 








CONTROL REGISTER 






READONLY 


100 


INT 


CLCP 


RNER 


ISQ 1 OVRN 1 ALRM 


OVRG 


DBR 1 








STATUS REGISTER 


WRITE ONLY 


100 


* ICLCPAK 


RNERAK 


ISQAK |0VRNAK|aLRMAK 


OVRGAK 


dbrak| 








INTERRUPT ACKNOWLEDGE REGISTER 


READONLY 


101 


•' 1 ' 


1 


1 1 1 1 SR2 


SRI 


SRO 1 



D15 D8 


D7 DO 































01000 

















































DATA RAM 

^8 X 16A/D DATA (READ) 
16-BIT CAL (WRITE) 



. INSTRUCTION RAM 

' 8 X 16 OPERATION REGISTERS 



10000 L 

10001 r 

10010 L 

10011 H 



16-BIT TIMER VALUE 



t 



SEQUENCE REGISTER 



♦Writing this bit has no effect 
' * Write a zero to these bits 
read back ones 



D 



16-BIT ALARM A VALUE 
16-BIT ALARM B VALUE 

T UPPER BYTE 

J 8-BiT INTERRUPT ENABLE 
LOWER BYTE 
8-BIT ALARM CRITERIA 



Figure 12. Register Architecture 



15 


14 


13 
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11 


10 


9 


8 


7 


6 


5 


4 


3 


2 


1 





LAST 


ALRMEN 


MDE2 


MDE1 


MDEO 


CH2 


CHI 


CHO 


SC2 


SCI 


SCO 


GNl 


GNO 


REF2 


REF1 


REFO 













MODE SELECT 


INPUT CHANNEL SELECT 


CYCLE SELECT 


GAIN SELECT 


REFERENCE SELECT 


000 = IMEDIATE EXECUTE 


000 = CHANNEL 


000 = 16 BITS 


00 = 1 


000 = CHANNEL 


001 = INTRA SEQUENCE PAUSE 


001 = CHANNEL 1 


001 = 13 BITS 


01 = 2 


001 = CHANNEL1 


010 = START ON NEXT TIMEOUT 


010 = CHANNEL 2 


010 = 8 BITS 


10 = 4 


010 = CHANNEL 2 


Oil = PRESET TIMER/START ON 


011 = CHANNEL 3 


011 = READ CAL CODE 


11 = 8 


011 = CHANNEL 3 


TIMEOUT 


100= ILLEGAL 


111 = WRITE CAL CODE 




100 = ILLEGAL 


100= EXTERNAL SYNC/TIMER 


101 = ILLEGAL 






101 = ILLEGAL 


PRESET/TIMEOUT 


110= ILLEGAL 






110 = INTERNAL Vref 


110= ILLEGAL 


111 = ILLEGAL 






111 = ILLEGAL 


111 = ILLEGAL 











Figure 13. ML2200 Bit Map of Instruction RAM 
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LAST 


ALRMEN 


MDE2 


MDE1 


MDEO 


CH2 


CHI 


CHO 


SC2 


SCI 


SCO 


GNl 


GNO 


REF2 


REF1 


REFO 



^\. 



^v" — 

MODE SELECT 

000 =IMEDIATE EXECUTE 

001 = INTRA SEQUENCE PAUSE 
010 = START ON NEXT TIMEOUT 
Oil = PRESET TIMER/START ON 

TIMEOUT 
100= EXTERNAL SYNC/TIMER 

PRESET/TIMEOUT 
110= ILLEGAL 
111= ILLEGAL 











INPUT CHANNEL SELECT 


CYCLE SELECT 


GAIN SELECT 


REFERENCE SELECT 


000 = CHANNEL 


000 = 16 BITS 


00 = 1 


000 = CHANNEL 


001 = CHANNEL 1 


001 = 13 BITS 


01 = 2 


001 = CHANNEL 1 


010 = CHANNEL 2 


010 = 8 BITS 


10 = 4 


010 = CHANNEL 2 


011 = CHANNEL 3 


Oil = READ CAL CODE 


11 = 8 


011 = CHANNEL 3 


100 = CHANNEL 4 


111 = WRITE CAL CODE 




100 = CHANNEL 4 


101 = CHANNEL 5 






101 = CHANNEL 5 


110 = CHANNEL 6 






110 = INTERNAL Vref 


111 = CHANNEL 7 






111 = ILLEGAL 



Figure 14. ML2208 Bit Map of Instruction RAM 
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15 


14 


13 


12 


11 


SECONDARY REGISTER 19 RS4-RS0 = 10011 
10 9 8 7 6 


5 


4 


3 


2 


1 





INTL 


CLC PIE 


RNERIE 


ISQIE 


OVRNIE 


ALRMIE 


OVRGIE 


DBRIE 








ENB 


EN A 


AND/OR >B/<B 


>A/<A 



INTERRUPT ENABLE REGISTER ALARM CRITERIA REGISTER 

Figure 15. Interrupt Enable and Alarm Criteria Registers 



3.1 Primary Registers 



READ/ 
WRITE 



Control Register— Register 3 



READ/ 
WRITE 



D7 


D6 


D5 


D4 


D3 


D2 


D1 


DO 






Window Low Register 




READ/ 
WRITE 


D15 


D14 


D13 


D12 


D11 


DIG 


D9 


D8 



Window High Register 

Window Registers — Registers and 1 

These registers form a two-byte window into the secondary 
registers. Window Low is the low byte of the secondary 16- 
bit word, and Window High is the high byte. Any one of the 
20 words in the secondary register set can be accessed by first 
setting a 5-bit address in the Index register, then reading from 
or writing to the Window registers. Sequential access of the 
secondary registers is also available without writing to the 
Index register via the AUTOI bit in the Index register. 
I ndex Register — Register 2 read/ 

WRITE 



AUTOI 






RS4 


RS3 


RS2 


RSI 


RSO 



Index Register 

RSX = Secondary Register Address (Bits to 4): The lower five 
bits of this register (RSO-RS4) define the location within the 
secondary register set that the window registers are posi- 
tioned at. 

Bits 5 and 6: Undefined. Writing to these bits have no effect, 
however a zero should be written; always read as ones. 

ALjTOI = autoincrement (Bit 7): Setting AUTOI signifies that 
the lower five addressing bits in the Index register are auto- 
matically incremented after either the Window Low or Win- 
dow High register is accessed. Whether the auto-increment 
occurs when accessing Window Low or Window High regis- 
ter, is based on the LOBYT bit in the Control register. 

interrupt Operation Caution!!! - Using the auto-increment 
feature with interrupt driven software deserves special atten- 
tion. A problem can arise when an interrupt service routine 
accessing the secondary registers, interrupts another routine 
accessing secondary registers. This problem can be avoided 
one of two ways: disable the interrupt in the main routine 
while accessing secondary registers, or reload the index regis- 
ter to its entry value when exiting the interrupt routine. 

Note: The Index register is automatically cleared only under 
two coriditions, one is a RESET, the other is when DMA mode 
is used. This register is reset to in DMA mode just prior to 
the DMA request (DBR going active). DMA mode uses the 
index register for operation, so the index register should 
never be written to when RUN and DMA are set. 



CAL 


RESET 


SLFTST 


tcLK 


DMA 


LOBYT 


MSTR 


RUN 



Control Register 

RUN (Bit 0): Setting this bit to a one will cause the chip to 
start executing the operations defined in the Instruction 
RAM, beginning with location 0. This is referred to as the Run 
mode. Clearing this bit will place the ML2200 in the Halt 
mode. The run bit is initially cleared on power up or after a 
hardware or software reset. In order to properly start the chip 
operation, the RUN bit should be set after setting all other 
applicable bits in the control register. The act of halting the 
chip will always reset the sequence pointer to operation 0. 
Thus, the next time RUN is asserted, the chip starts from 
operation again. Placing the chip in the Run or Halt mode 
has no effect on the Interrupt pins (INT and DBR), nor the 
status bits in the status register. It is recommended that sec- 
ondary registers only be written to in the Halt mode. Writing 
to secondary registers in the Run mode will cause the RNER 
status bit to be set, indicating a run error. All of the status bits 
in the Status register should be acknowledged (cleared) be- 
fore entering the Run mode. 

MSTR = master (Bit 1): I ndicates whether the SYNC pin will 
be an input or an output. If set the chip will enter the master 
mode of operation and the SYNC pin will become an output 
pin which puts out a sync pulse at the beginning of each 
operation. This serves as a signal for other slave chips that are 
used in a synchronous operating method. While in master 
mode, any operation requiring a sync input will not proceed, 
and the chip will "hang", waiting for a sync that will never 
come. The chip default is slave mode with the SYNC pin as 
an input. 

LOBYT = low byte first (Bit 2): This bit is used to indicate 
which byte is accessed first in AUTO! or DMA operation. 
When this bit is set, the index register is incremented on the 
read or write of the Window High register. When this bit is 
clear, the index register is incremented on the read or write of 
the Window Low register. If DMA operation is specified, then 
setting this bit will make the low byte be output first, then the 
high byte, after which the index register is incremented. Con- 
versely, clearing this bit will output the high byte first, then 
the low byte, then increment the index register. The default is 
low. 

DMA = DMA Mode (Bit 3): When set enables DMA opera- 
tion. DMA operation proceeds as follows: 
1) The DMA bit must be set after defining all other registers 

(Instruction RAM, Alarm etc.) but prior to setting the RUN 

bit. The RUN bit is then set. 
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2) The sequence of operations in the Instruction RAM is 
executed. 

3) At the end of the sequence, the DBR pin goes true, re- 
questing DMA service, and the Index register is automati- 
cally cleared, pointing to the first location of the data 
buffer. 

4) Each read of either Window Low or Window High register 
outputs a byte from the data registers. The DMA controller 
can read Window Low register, or Window High register, 
or alternate between Window Low and Window High. 
The same data is placed in both Window Low and Win- 
dow High registers, and updated in both of them when 
either one is read. The data is placed in the Window regis- 
ters beginning with data word and incrementing on up. 
The placement of the low byte/ high byte order is based on 
the LOBYT bit In the Control register. The number of bytes 
transmitted equals twice the number of operations de- 
fined, since the words are 16 bits going over an 8-bit bus. 
DBR remains asserted until all of the bytes have been 
transmitted. It is negated on the leading edge of the last 
byte read pulse. DBR acknowledge (setting the DBRAK bit 
in the Status register) is not required when transferring 
bytes via DMA. 

The AUTOI bit does not have to be set when in the DMA 
mode. Setting the DMA bit forces the Index register to be 
auto-incremented in the Run mode. However if AUTOI is not 
set, then when in Halt mode auto-increment will not be 
enabled. If the AUTOI bit and DMA bit are both set, the auto- 
increment will occur in both the Run mode and the Halt 
mode. 

*CLK = enable external timer clock (Bit 4): When set, will 
divert the clock input for the internal sixteen bit timer to the 
tcLK pin- When reset to 0, the timer runs at the internal chip 
clock frequency, which is 1 /2 of that generated at the CLK 
pin. 

SLFTST = self test (Bit 5): When set, the function of the input 
multiplexer is modified to enable self test operations. This bit 



also redefines the Instruction Word, specifically the CHAN 
field of the instruction word (See Figure 16 for the redefinition 
of the Instruction Word when SLFTST = 1). With SLFTST set 
the CHAN bits now specify which of four self tests is to be 
performed as shown below. 



Instruction 

Word 
CHAN Field 


Function 


Description 


000 


System Offset 


Inputs shorted together 
and shorted to ground 


001 


Internal 
Reference 


Convert internal Vref^ 
plus side tied to Vreb 
minus side tied to 
AGND 


010 


Minus Internal 
Reference 


Convert internal Vreb 
minus side tied to Vref^ 
plus side tied to AGND 


oil 


Common Mode 


Both inputs of the 
converter are tied to 
Vref 


100-111 


Illegal 





These self-test results are useful for user confidence at power- 
on. The default on reset is 0, normal mode of operation. 

RESET = soft reset (Bit 6): Is a software reset of the chip. This 
bit does not have to be cleared once set. The microprocessor 
should read this bit back to determine if the reset operation 
has completed, especially if a slow clock rate is being used. It 
takes at least 4 internal clocks for the reset bit to clear. 
Microprocessor communication with the chip should be held 
off until this bit is read back as cleared. When issuing a hard- 
ware res et, com munication with the chip should be held off 
until the RESET pin goes inactive. The chip will be in the Halt 
mode (RUN bit cleared) after a reset. See RESET/ Power-On 
Conditions (Section 4.2) for chip register conditions after a 
reset. 



15 


14 


13 


12 


11 


10 


9 


8 


7 


6 


5 


4 


3 


2 


1 





LAST 


AIRMEN 


MDE2 


MDEl 


MDEO 


CH2 


CHI 


CHO 


SC2 


sci 


SCO 


GN1 


GND 


REF2 


REF1 


REFO 



MODE SELECT 



INPUT CHANNEL SELECT CYCLE SELECT 



000 = IMMEDIATE EXECUTE 000 = SYSTEM OFFSET 

001 = INTRA SEQUENCE PAUSE 001 = INTERNAL REF 
010 = START ON NEXT TIMEOUT 010 = INVERT INTRN REF 



011 = PRESET TIMER/ START 

ON TIMEOUT 
100= EXTERNAL SYNC START 
101= EXTERNAL SYNC/TIMER 

PRESET/TIMEOUT 
110= ILLEGAL 
111= ILLEGAL 



Oil = COMMON MODE 

100 = ILLEGAL 

101 = ILLEGAL 

110 = ILLEGAL 

111 = ILLEGAL 



000 = 16 BITS 

001 = 13 BITS 

010 = 8 BITS 

011 = ILLEGAL 
111= ILLEGAL 



GAIN SELECT REFERENCE SELECT 

00 = 1 000—110 

01 = 2 INTERNAL REFERENCE 

10 = 4 ONLY 

11 = 8 



Figure 16. Bit Map of Instruction Word When SLFTST = 1 
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CAL = calibration start (Bit 7): When set, a self-calibration of 
the A/ D converter will begin. Reading the CAL bit indicates 
whether the chip has been calibrated since the last reset or 
power-on condition. If CAL is a 1, then a calibration of the 
A/ D converter has been performed since the last reset or 
power-up. When setting CAL, the user should not write a 
back to clear it. Writing a to the CAL bit iias no effect; this 
will not clear it if it was previously set. Attempting to set the 
RUN bit without this bit being set will result in a run error 
condition, in which the RNER status bit will be set, and an 
interrupt being generated if it was enabled in the mask regis- 
ter. The amount of time required for calibration is 8,260 inter- 
nal clocks, or 16,520 external clocks. To determine when a 
calibration is complete, the microprocessor should enable 
the calibration complete interrupt (CLCPIE) in the interrupt 
mask register, and wait for the interrupt to occur. Interrupt 
servicing of the calibration complete interrupt is done in a 
normal manner, in which the interrupt is acknowledged by 
setting the CLCPAK bit in the interrupt acknowledge register. 
All I/O to the ML2200 should be avoided during calibration 
(i.e., 16,520 external clocks after the CAL bit is set), because 
accessing the chip during calibration could adversely affect 
the calibration. If an interrupt is not desired, the 
microprocessor can read the Status register to verify 
completion 16,520 external clocks after the CAL bit is set. 
When the CAL bit is set, all other bits in the Control register 
should be cleared. DO NOT set the CAL and RUN bits simul- 
taneously. 

Status Register — Register 4 ^^^^ 

ONLY 



INT 


CLCP 


RNER 


ISQ 


OVRN 


ALRM 


OVRC 


DBR 



Status Register 

Register 4 serves as the status register of the various condi- 
tions that can occur. The bits in the Status register will be 
updated regardless of the Mask register. The status bits are 
updated any time within or at the end of a sequence of oper- 
ations. The bits in the Status register are cleared by setting the 
corresponding bits in the Interrupt Acknowledge register. The 
status register can be polled at any time without fear of clear- 
ing the status bits. This register is not cleared at HALT time. 
When entering the Run mode, all of the old status bits should 
be cleared (acknowledged). 

DBR = Data Buffer Ready (Bit 0): Is set when the chip has 
gone through one complete sequence of operations and has 
filled the data registers with the converted results. This bit 
signifies that the microprocessor should read all locations in 
the data registers that have relevant data. Reading all loaded 
data locations will clear DBR. If all loaded data locations are 
not read, DBRAK in the Interrupt Acknowledge register 
should be set to clear DBR, else OVRN will be set. The DBR 
pin is logically the same as the DBR status bit. The DBR pin is 
ALWAYS enabled and cannot be masked out. The DBR status 
bit is the only condition that can cause the DBR pin to be 
asserted. The DBR status bit can be enabled to assert the INT 
pin through the Interrupt Mask register. 



OVRG = overrange interrupt (Biti): Is set at the end of an 

operation when an underflow or overflow of the A/ D con- 
verter has occurred (underflow and overflow are the most 
negative and most positive number, respectively, that is repre- 
sentable in the chip according to the specified cycle length). 
The overflow and underflow conditions apply to ALL incom- 
ing A/ D converted data. 

ALRM = limit alarm (Bit 2): Is the limit alarm status bit. It is set 
whenever the alarm criteria specified in the alarm registers 
is satisfied by a conversion from an operation where the 
ALRMEN bit is enabled. The limit alarm test only applies to 
an operation in which the ALRMEN bit is set. 

Note that OVRG and ALRM can be enabled without ena- 
bling the DBR interrupt so that the microprocessor can be left 
alone until an overflow/ underflow or limit alarm occurs. This 
is done to search for a limit condition first without taking any 
data into the microprocessor. Doing this, however, will set 
the OVRN (overrun error) bit in the status register, indicating 
that the microprocessor has not r6ad any data from previous 
sequences. 

OVRN = overrun error (Bit 3): The OVRN bit indicates that 
the microprocessor has missed from one byte to several 
blocks of data. Even if an overrun error occurs, the ML2200 
or ML2208 continues converting the inputs and updating the 
data registers with the new conversions. 

This bit may intentionally become set as a result of searching 
for the overflow /underflow or limit alarm criteria without 
reading the data. 

The setting of the OVRN bit also occurs in DMA mode if all 
data has not been read by the completion of the next se- 
quence. (Note: DBRAK should not be set in DMA mode, 
since DBR is automatically cleared by the chip.) If OVRN 
occurs in DMA mode, DBR will not be reactivated once all of 
the data from the sequence which was overrun is read; 
OVRN automatically disables DBR re-activation. Acknowl- 
edging OVRN (setting OVRNAK in the Interrupt Acknowl- 
edge register) will re-enable the DBR pin, however the OVRN 
bit may immediately be set again before the DMA controller 
can read the entire buffer. Therefore, it is recommended that 
in DMA mode if OVRN gets set, put the ML2200 or ML2208 
in the Halt state, acknowledge the overrun and the DBR, 
then place the chip back in the Run mode. 

ISQ = intra-sequence pause (Bit 4): indicates that the chip has 
halted operation within a sequence as a result of choosing 
the ISQ op code in the mode field of the Instruction word. 
Setting the ISQAK bit in the interrupt acknowledge register 
will then re-start the operation within the sequence. This lets 
the microprocessor achieve timing control of individual oper- 
ations within a sequence. 
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RNER = run error (Bit 5): Indicates that an error occurred 
either entering or operating in the Run state. The following 
operational errors cause the RNER bit to get set 

1. Entering the Run state without having performed a self- 
calibration after the most recent Reset or power-up. The 
status of whether a calibration was executed or not is indi- 
cated by the CAL bit in the control register. If the CAL bit in 
the Control register is a one, the chip has already been 
calibrated. 

2. Writing to any secondary registers other than the data 
registers during Run mode. All secondary register loca- 
tions are readable during Run time. 

CLCP = calibration complete (Bit 6): Is set at the end of a 

calibration sequence. The purpose of this bit is to notify the 
microprocessor that a self-calibration has completed. 

INT = interrupt (Bit 7): Is identical to the state of the INT pin. 
The INT status bit and pin is an OR of the status bits enabled 
in the Interrupt Mask register. While the polarity of the INT 
pin can be defined in the interrupt mask register, this bit is 
positive true only. 

Interrupt Acknowledge Register— Register 4 





CLCPAK 


RNERAK 


iSQAK 


OVRNAK 


ALRWAK 


OVRGAK 


DBRAK 



Interrupt Acknowledge Register 

The status bits in the status register can only be cleared by 
setting the appropriate bit in this register; writing a zero has 
no effect. The relative bit positions in the Interrupt Acknowl- 
edge register are identical to the Status register except for bit 
7, which is valid for reads (see explanation in Status Register) 
and undefined for writes (user must write a zero to this bit to 
be software-compatible for possible future redefinitions). 

Sequence Register— Register 5 

ONLY 



1 


t 


1 


1 


1 


SR2 


SRI 


SRO 



Sequence Register 

During the RUN mode, this register can be read back to 
indicate the current operation in progress. This is especially 
useful for examining interrupts when multiple intra-sequence 
pauses are specified. Bits 3-7 always reads Is. 

Registers 6 and 7 — these registers are reserved for future use. 

3.2 Secondary Registers 

There are twenty l6-bit wide secondary registers containing 
the Data RAM, Instruction RAM, Timer, Alarms, Alarm 
Criteria Register, and Interrupt Mask. Except for the Data 
RAM, the secondary registers should only be accessed on 
initialization, or when the chip is placed in the Halt mode. 



Secondary Registers to 7 

Data RAM (read only) 

Calibration Holding Register (write only) 



D15 D8 


D7 DO 































8 X 16 A/ D DATA 
REGISTERS 
16-BIT CAL 
REGISTER 



The Data RAM consists of eight 16-bit wide registers that hold 
the output results from the latest conversion sequence. Each 
word in the Data RAM has a one-for-one correspondence 
with a word in the Instruction RAM. The Data RAM is also 
referred to as the data output registers. 

The data output registers are double buffered and readable 
by the microprocessor at any time. The A/ D converter fills a 
"shadow" bank of registers during conversions, while the 
microprocessor is free to read the output registers. When the 
sequence is done, the "shadow" bank information's trans- 
ferred to the output registers for the microprocessor to read, 
after which time DBR is asserted. Therefore, the 
microprocessor has essentially one sequence time to drain 
the data buffer. This time varies according to the number of 
operations defined, the system clock frequency, the mode 
field for each operation, and the cycle length (number of bits 
to be converted). Refer to Conversion Times for more 
information. 

Data Format 

All data is returned from the converter in 16-bit two's comple- 
ment format, right hand justified, with the sign bit extended 
across the most significant unused bits. 



Cycle 


+Max 


-Max 


Mid-Range 


16 


7FFF 


8000 


0000 


13 


OFFF 


FOOO 


0000 


8 


007F 


FF80 


0000 



Calibration Holding Register— 

This register Is for diagnostic purposes only. It is one 16-bit 
wide register mapped into the write only secondary address 
space to 7 (i.e., a write to any of the secondary addresses 
0-7 will load the Calibration Holding register). This register is 
write only and cannot be read back directly. It is used when 
the mode field in the Instruction Word is set to CAL Write, 
and the Instruction is executed. This command takes the 
contents of the Calibration Holding register and loads it into 
the Calibration register of the A/ D converter. Note that this 
will change the calibration of the A/D converter, and a cali- 
bration of the A/ D converter should be done after a CAL 
Write command is issued. 
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Instruction RAM— Secondary Registers 8 to 15 (Read /Write) 



OP 





OP 


1 


OP 


2 


OP 


3 


OP 


4 


OP 


5 


OP 


6 


OP 


7 



8x16 OPERATION 
REGISTERS 



The Instruction RAM, sometimes referred to as the Operation 
registers, consists of eight 16-bit wide registers broken up into 
seven different fields (see Figures 10 and 10A). Each instruc- 
tion or Operation defines a single conversion, where the 
converted data result is stored in the corresponding data 
output register. Note that when the SLFTST bit in the Control 
register is set, the Instruction Word is redefined for diagnostic 
mode. Figure 12 illustrates the redefinition when SLFTST is 
set. The following section defines the seven different fields 
making up the Instruction word when SLFTST = 0. 

D15 D14 D13-11 D10-8 D7-5 D4,3 D2-0 



LAST 


AIRMEN 


MODE 


CHAN 


CYCLE 


GAIN 


REE 



REF (Bits 2, % 0~ Voltage Reference Selection) REF specifies 
the source of the voltage reference used for the A/ D 
conversion. 

GAIN (Bits 4 and 3— Gain Settings) GAIN defines the gain of 
the precision instrumentation amplifier. The gain can be 
either 1, 2, 4, or 8. Each gain factor of 2 adds an additional 4 
internal clock cycles (1/fcLKi) to the conversion time. There- 
fore a gain of 8 adds an additional 12 internal clock cycles to 
the conversion time. 

CYCLE (Bits 7, 6, 5-Cycle Select) CYCLE defines one of five 
different cycles: 8-, 13-, or 16-bit conversions, and READ or 
WRITE CAL CODE. Choosing 8-, 13- or 16-bit cycles deter- 
mines how many bitsthe A/ D converter will convert. How- 
ever, even though the converter has a 16-bit cycle, it may not 
have 16 bits of useful resolution. The useful resolution of the 
converter can be determined from the linearity specs. 

Since the algorithmic converter is a successive approximation 
type of converter, an 8-bit cycle requires the least amount of 
time to convert, and the 16-bit cycle requires the most. Refer 



to Sampling Rates and Conversion Times for the exact num- 
ber of clocks each cycle takes. 

READ CAL CODE and WRITE CAL CODE cycles are for diag- 
nostic purposes only. READ CAL CODE reads the Calibration 
register in the A/ D converter and loads it into the corres- 
ponding data output register. WRITE CAL CODE transfers the 
contents of the Calibration Holding register into the A/ D 
converter's Calibration register. The transfer is complete after 
the operation is executed. Refer to Diagnostics for more infor- 
mation on READ and WRITE CAL CODE. 

CHAN (Bits 10, 9, 8— Input Channel Number) defines the 
input channel to be converted. 

AIRMEN (Bit 14— Alarm Enable) When this bit is set the 

alarm criteria for the operation is enabled, otherwise the 
alarm is disabled for this operation. If ALRMEN is set and the 
alarm condition is met, the ALRM bit in the Status register will 
be set at the end of the operation. 

LAST (Bit 15 — Last Operation) signifies that this operation is 
the last operation of the sequence. The chip will return to 
and begin the first operation of the sequence after execution 
of the current operation. If all eight operations are specified, 
the last one MUST have this bit set. 

MODE (Bits 13, 12, 11— Mode Selection) defines the condi- 
tion that must be met for the operation to proceed. The 
mode field also has an effect on the Operation Execution 
Time. 



000 


Immediate Execute 


001 


Intra-Sequence Pause 


010 


Start on Next Time out 


oil 


Preset Timer/Start on Time out 


100 


External Sync Start 


101 


External Sync /Timer Preset/Time out 


110 


ILLEGAL 


111 


ILLEGAL 



Events That Occur Within an Operation 

To better understand six modes of the ML2200 or ML2208 
one must first understand the events that occur during an 
operation. This can be aided by referring to Figure 17. 



OPERATION EXECUTION TIME 



CONVERSION EXECUTION TIME 



INPUT CHANNEL 
ACQ. TIME 



5 6 

REF. CHANNEL 
ACQ. TIME 



SYNC PIN 
MASTER MODE 



SAMPLE 
MODE 



HOLD 
MODE 
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HOLD 
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START OF START OF 
OPERATION CONVERSION 



START OF 
OPERATION 



Figure 17. Events Within an Operation 
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The first event that occurs in the Operation is the Start of 
Operation. This may or may not be the beginning of the 
conversion, depending on the mode selected. The time be- 
tween the Start of Operation and Start of Conversion is varia- 
ble. When the conditions of the mode have been met, the 
Start of Conversion occurs. 

The Conversion Execution time includes the input and refer- 
ence acquisition times, the gain time, and the successive 
approximation conversion time. Shortly after the Start of 
Conversion the S/H goes into sample mode acquiring the 
input channel for eight internal clocks. After the input has 
been acquired the S/ H goes into hold mode, disconnecting 
the S/H from the input channel, and transferring the charge 
into the A/ D converter. A couple of clocks later the same 
S/H goes into sample mode on the reference voltage, either 
the internal Vref of one of the input channels. The reference 
acquisition time for all six modes is the same; eight internal 
clocks. After the S/ H goes into hold mode the successive 
approximation A/ D conversion begins. When the conver- 
sion is complete the next operation begins. 

Immediate Execute (000) ^The Start of Conversion begins at 
the Start of Operation. In other words, the conversion begins 
the instant the operation begins. There is no gating item de- 
laying the conversion. This mode allows the chip to convert 
at its maximum rate with no unnecessary delays. As an 
example of calculating the sequence time, if all eight opera- 
tions used Immediate Execute with a gain of 1 and a 13-bit 
conversion, the time to execute one sequence (all eight oper- 
ations) would be 8 * 110 = 880 internal clocks. 

Intra-Sequence Pause (001) —This mode provides a way for 
the microprocessor to initiate conversions, rather than the 
other modes which either initiate conversions from internal 
timings or an external pulse. At the Start of Operation the ISQ 
status bit is set. The microprocessor will recognize the setting 
of the ISQ status bit either by polling the Status register, or 
having enabled the ISQ interrupt. The Start of Conversion is 
delayed until the ISQAK bit In the Interrupt Acknowledge 
register is set. 

Start on Next Time out (010) —After the Start of Operation 
occurs the Start of Conversion is delayed until the internal 
timer decrements from 1 to 0. When using this mode the 
timer will be free-running. This means that the timer is initial- 
ized in the Halt mode and left alone to decrement and reload 
automatically when in the Run mode. This mode can be 
used to establish a specific sampling rate. Note that the timer 
value must be greater than the conversion time, therefore this 
mode can only slow the sampling rate down from its maxi- 
mum rate. In the case where several operations are used, and 
only one of them uses this mode, the timer value must be 
greater than all the other Operation Execution times plus the 
current operation conversion time. 

Preset Timer/Start on Time out (Oil) —At the Start of Opera- 
tion the timer is loaded with its pre-programmed count. The 
delay between the Start of Operation and the Start of Conver- 
sion is the pre-programmed count. Execution time of the 
operation is the pre-programmed timer count plus the con- 
version time. As opposed to mode 2, the timer can be any 
value between 2 and 2i6; i.e., there is no restriction on the 
timer value being greater than the conversion time. One 



application of this mode would be when an external analog 
event is triggered by the SYNC pulse, and the conversion 
needs to be delayed by a programmable amount of time. 

Using the External SYNC Input— The following description 
applies to modes 4 and 5, since these two modes use the 
external SYNC input. These modes should only be used 
when the SYNC pin is programmed as an input (MSTR bit in 
Control register is 0). If the external SYNC signal arrives be- 
fore the Start of Operation, it may be latched depending 
upon the arrival time. If it arrives 22 clocks after the previous 
operation's Start of Conversion, external SYNC will be 
latched; any time before will miss the pulse. Therefore the 
external SYNC pulse rate should not be any faster than the 
frequency of the operations which use this mode, otherwise 
there will be more external SYNC pulses than conversions. 

External SYNC Start (100) —After the Start of Operation, the 
Start of Conversion is delayed until the rising edge of the 
SYNC pulse and the next rising edge of the internal clock. 
Unless the rising edge of the external SYNC is synchronized 
with the internal clock (See tsvNCCK Spec), the aperture 
uncertainty is one internal clock. 

External SYNC/Timer Preset/Time out (101) — For this mode, 
the external SYNC pulse presets the timer, and when the 
timer times out the Start of Conversion begins. The timer is 
preset after the rising edge of the external SYNC and the next 
rising edge of the internal clock. When the timer transitions 
from 1 to 0, the Start of Conversion begins. As in the previous 
mode, unless the rising edge of the external SYNC is synchro- 
nized with the internal clock, the aperture uncertainty is one 
internal clock. 

Timer Functions of the Different Modes— The on-chip timer 
is started when RUN is asserted. It then free-runs, pre-loads 
and restarts itself at the pre-programmed count unless one of 
the modes in an operation word specifies a timer preset. If 

"Start on Next Timeout" mode is selected for all operations, 
the timer free-runs and subsequently starts conversions on 
regular intervals, without the inclusion of any variable over- 
head timing requirements of any specific operation. The 
"preset timer" function that can be specified in any opera- 
tion, functions as a "one-shot" time out feature; however It 
can upset the regularity of conversions. The use of the exter- 
nal SYNC start allows flexibility with asynchronous conditions 
outside the chip. In addition, the use of time out with exter- 
nal SYNC allows synchronous operation of multiple Micro 
Linear chips with interleaved operation. If a different rate is 
desired other than increments of one master clock cycle (V2 
the CLK pin frequency) or if external events need to be 
counted before starting an operation, then setting the tciK bit 
in the control register will divert the timer to the tcLK P'" for 
all operations. 

Timer Holding Register— Secondary Register 16— This regis- 
ter holds the pre-programmed value of the timer. The value is 
in 1 internal clock increments, or the period of tciK '^this 
input is used. The timer is a countdown timer, therefore the 
realized delay will be the number loaded into the Timer 
Holding register multiplied by the clock period. The value is 
written as a 16-bit binary word, and either high or low bytes 
can be written first. These registers are both writable and 
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readable, with register writes executed only when the chip Is 
in the Halt mode (RUN bit cleared in the control register). 
Reading the Timer Holding register will return the pre- 
programmed value for the timer, it will not provide the actual 
timer value. Timer Holding register values of 1 or are illegal 
and will "hang up" the timer when placed in Run mode. 
Therefore the minimum value that can be loaded Into the 
Timer holding register is 2. The timer is decrementing when 
In Run mode and Idle when In Halt mode. When the chip Is 
placed in Run mode, the timer is automatically loaded with 
the value in the Timer Holding Register, and begins to count 
down. 

Alarm Registers » Secondary Registers 17^ 18 (Read /Write) — 

These registers specify the alarm criteria against which the 
converted data of a current operation is compared. The com- 
parison occurs only when the AIRMEN bit is set within the 
operation. Secondary register 17 is Alarm A and secondary 
register 18 Is Alarm B. These values are written In two's com- 
plement format, right justified and sign extended (refer to 
Data Format for more Information). 

Alarm Criteria Register— Secondary Register 19 lower byte 
(Read/Write) — Specifies the compare criteria to be used 
with alarm registers A and B. Bit specifies whether the com- 
parison of alarm word A Is to be greater than (setting the bit) 
or less than equal to (clearing the bit). Similarly, bit 1 specifies 
the same criteria for alarm word B. The criteria of the two 
groups can be "ANDed" or "ORed" together by clearing 
(OR) or setting (AND) bit 2. Bits 3 and 4 enable the alarm 
comparison for words A and B, respectively. Bits 5, 6, and 7 
are unused and be can be any value when written, always 
read as ones. The following table illustrates all of the possible 
combinations, X signifies don't care. 



Interrupt Mask— Secondary Register 19 Upper Byte 
(Read/Write) 
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Using the various criteria, the chip can discern whether a 
certain channel Is inside or outside a band, or greater than or 
less than a value. Notifying the microprocessor can be done 
through an interrupt or by polling the status register. 



This register is used to define which Interrupt conditions are 
capable of setting the hardware Interrupt pin and the INT bit 
of the Status register. The bits In the Interrupt Mask register 
are interrupt enable bits, meaning when the bits are set they 
enable the corresponding status bit to activate the hardware 
interrupt pin as well as the INT bit in the Status register. The 
INTL bit determines the polarity of the INT pin. If set, the INT 
pin becomes active low, with an open drain output. If clear, 
the INT pin becomes active high, with driving capability in 
both directions. 

Secondary Registers 20 to 31 — Undefined 

These registers are undefined and will cause unpredictable 
results if read or written to. 

4.0 SAMPLING RATES AND 
CONVERSION TIMES 

To determine the sampling rate, one must first determine the 
sequence execution time. A sequence is defined as the num- 
ber of operations or instructions used. Therefore the se- 
quence execution time equals the sum of the individual 
operation execution times. The simplest case for determining 
the sampling rate Is when only one operation is used in the 
sequence. Then the sampling period is the operation execu- 
tion time. If all eight Instructions are used in the sequence, 
the sampling rate would be the sequence rate multiplied by 
the number of times the channel was sampled in the 
sequence. 

It is possible to sample one channel more frequently than 
another. For example, If every other operation sampled chan- 
nel 0, while the remaining operations sampled channels 1, 2, 
and 3, the sampling rate for channel would be four times 
the sampling rate of the other channels. If periodic sampling 
is important, one must be careful when sampling a channel 
multiple times in a sequence since different operations can 
have different execution times. 

Example: Sampling Four Channels in a Burst Every 10 ms 

Using Mode 2 "Start on Next Time out" for Instruction will 
establish the 10ms sampling rate, once the clock is initialized 
properly. Instructions 1, 2, and 3 can each use Mode "Im- 
mediate Execution". For the ML2200, each instruction can 
sample a different channel, thus covering all four channels in 
a burst. For the ML2208, the same holds true except all eight 
channels can be sampled in a burst, periodically. 

Assuming the external clock is 7MHz and each conversion Is 
13 bits with a gain of 1, the conversion time for each opera- 
tion will be 110 * 286ns = 31.4/iS. Therefore four instruc- 
tions will require 4 * 31.4f4S = 125. 7jus. The execution 
time Is much less than the sampling rate, thus the timer can 
be used to set the sampling rate. The timer value for a 10 ms 
sample rate is: 10ms/286ns = 35,00d decimal or 88B8H. 
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Operation or Instruction Execution Time 

Figure 17 illustrates the Operation Execution Time. The time 
between the Start of Operation and Start of Conversion is 
variable and depends on the Mode chosen. For more infor- 
mation on how to determine the time between Start of Oper- 
ation and Start of Conversion refer to the Secondary registers 
Mode field description in the Instruction RAM. 
The Conversion Execution time depends on the Cycle, the 
Gain, and the Mode chosen in the instruction word. Modes 
0-5 all behave the same way when it comes to Conversion 
Execution Time. To help determine the Conversion Execution 
Time the following table gives the number of internal clocks 
used for Modes 0-5 based on the Cycle chosen. 



Cycle 


Number of Internal System 
Clocks Needed 

(1/fcLKl) 


16-Bit 


128 


13-Bit 


110 


8-Bit 


80 


Read CAL 


80 


Write CAL 


52 



Add 4 extra clocks to the Cycle time for each gain of 2 (in- 
cluding Read CAL and Write CAL). For a gain of 2 add 4 extra 
clocks, for gain of 4 add 8 extra clocks, for gain of 8 add 12 
extra clocks. Example: Modes 0-5, Cycle = 13-bit conversion 
with a gain of 8. Conversion Execution time is 122 internal 
clocks. 

5.0 MICROPROCESSOR 

INITIALIZATION PROCEDURE 

The following sequence of steps is recommended when 
initializing the ML2200 from the microprocessor: 

1) Keep reset active for at least 10 internal clock cycles after 
power supplies have stabilized. If a software reset is issued, 
hold off microprocessor communications with the chip 
until the RESET bit in the control register is read back as 
cleared, which takes 4 internal clock cycles. 

2) If desired, check the data register path by performing a 
write and read of the calibration register for all 8 opera- 
tions. (This step is optional, but does provide user 
assurance of the integrity of the on-chip data paths.) The 
calibration register is a full 16-bit data path. 

3) Perform a calibration by first enabling the CLCP interrupt 
in the Interrupt Mask register, then start the calibration by 
asserting the CAL bit in the Control register. Alternately, if 
an interrupt driven system is not desired, the interrupt 
status register can be polled 8260 internal clocks after the 
CAL bit has been set. The chip should not be polled dur- 
ing calibration. 

4) Upon receiving the CLCP interrupt, acknowledge it. If 
desired, read back the calibration code to verify a success- 
ful calibration. Other diagnostics may be run at this time, 
however diagnostics are optional and not required. 



5) Load the Instruction RAM, alarm criteria, interrupt condi- 
tions, and timer. Set the proper data transfer mode up 
(DMA, interrupt driven or polled mode.) Clear all status 
bits before setting the RUN bit. 

6) Start the chip running by setting the RUN bit in the Con- 
trol register. This may be done by ORing the RUN bit with 
the other bits already configured in the Control register; 
however do not set the CAL bit again or another calibra- 
tion will take place. Writing a to the CAL bit has no ef- 
fect; it will still read 1. 

5.1 Reset/ Power-On Conditions 

When applying power to the ML2200, DVcc and AVcc 
should never be powered-on at different times. 

It is OK to assert both RD and WR during RESET time, but not 
legal to do so otherwise; this may damage the chip internally. 

The following list specifies the affected registers on the chip 
after a reset is performed. Note that both hardware and soft- 
ware reset of the chip have identical effects. 

All registers shown below are cleared (ail bits 0): 

Primary Registers: 

Index register (register 2) 
Control register (register 3) 
Status register (register 4) 
Sequence status (register 5) 
Secondary Registers: 
Interrupt bit mask (upper half, register 19) 
Alarm criteria register (lower half, register 19) 

All other registers will have random data in them after power- 
on. If a hardware or software reset is performed later, registers 
which are not listed above will be unchanged. 
Re-calibration after a hardware or software reset is not neces- 
sary, since the calibration register remains the same after a 
reset. Only after a power-up is a calibration necessary. How- 
ever the CAL bit in the Control Register will be cleared after a 
reset. Setting the RUN bit while the CAL bit is clear will cause 
the RNER bit to be set. But, if a calibration had been done 
before the reset, the RNER may be ignored. 

5.2 Timer 

If any of the operations require a timer function, (either a 
one-shot or regular conversion interval) then the timer value 
must be written. This is done by writing the index register 
value to 10 hexadecimal and writing the proper 16-bit time 
value to the window registers. The timer value must be 
greater than 1. If using mode 2 "Start on Next Time out" the 
timer value must be greater than the conversion time. 

5.3 Limit Alarm Operation 

The chip may be set up to watch for certain data conditions 
by enabling the proper interrupt bits in the Interrupt Mask 
register. These conditions include A/D overrange/ 
underrange and user-defined alarm criteria. In order to use 
the alarms, the A and B alarm values must be defined. Note 
that since alarm registers A and B are 16 bits wide, 13-bit two's 
complement sign extended values must be loaded. (Refer to 
Data Format for more information). In order to further qualify 
alarm registers A and B, the Alarm Criteria register must be 
initialized. 
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5.4 Defining Interrupt Conditions 

If the chip is used in polled situations, the interrupt mask bits 
need not be set unless the "OR" of the interrupt conditions, 
bit 7 in the Status register is used. 

If the chip is used in interrupt mode rather than polled mode, 
the desired interrupt conditions should be considered. In 
addition to the interrupts specified for data comparison oper- 
ations, several other interrupts can be defined in the Interrupt 
Mask register. The DBR bit can be set if the DBR pin is not 
used. This enables interrupts at the end of sequences for data 
transfer via the INT pin. The intra-sequence interrupt bit 
should be enabled if intra-sequence pauses are desired in any 
of the operations. Overrun error and run-time error bits 
should be enabled if trapping of these errors is desired. 

Note that alarm A and B and overrange interrupts occur at 
any time v^ithin the sequence of operations. Due to the inter- 
rupt latency time of the microprocessor, multiple interrupts of 
this type within a sequence may be indistinguishable from 
each other. The A and B alarms should generally be used on 
only one operation so that its source can be determined with 
no ambiguity. Overrange interrupts can be handled by exam- 
ining the data in the chip at the end of the sequence. 

The INT pin polarity can be defined to be active high (bit 15 
cleared in the Interrupt Mask register) or active low (bit 15 
set). When active low is chosen, the INT pin is open drain 
without a pull-up. When active high, the INT pin is driven 
actively in both directions. The default condition is active 
high, and the INT pin is actively driven low during reset time. 

6.0 METHODS OF DATA TRANSFER 
TO THE MICROPROCESSOR 

There are several ways to handle the data output; polling, 
interrupt, or DMA. If interrupts are the method chosen, 
method 5) may be preferable. Method 5) DMA/ Interrupt 
mode, does not require a DMA controller. It simply uses the 
DMA mode of the ML2200 or ML2208 which can be inter- 
faced to an interrupt controller. 

1) Intra-Sequence pause instruction is used when the 
microprocessor is not going to periodically/continuously 
read the data, but it will read the data at arbitrary times. 
The Table 1 below shows the op codes to sample all eight 
channels. 



Using these instructions the program begins when the RUN 
bit is set in the control register. Immediately after RUN is set, 
before the first conversion takes place, the ISQ bit in the 
status register is set. This indicates that the sequencer has 
paused. When the microprocessor wants to read a value on 
one or more of the channels it sets the ISQAK bit in the Inter- 
rupt Acknowledge register. The ML2208 then performs eight 
conversions back-to-back, jumps back to sequence 0, and 
sets the ISQ and DBR bits in the status register. The data from 
all eight channels is now available in the Data RAM. The next 
time a conversion is desired, once again the microprocessor 
sets ISQAK in the interrupt acknowledge register. 

2) Polled mode transfer is done simply by polling the status 
register and examining the DBR bit to see if a sequence 
has been completed. The DBRIE interrupt mask bit need 
not be set, but an acknowledge should be done by setting 
DBRAK in the Interrupt Acknowledge register, otherwise 
an overrun error will occur. The CPU can just poll the INT 
bit in the Status register. Only the bits which are 
enabled in the Interrupt Mask register will set the 
INT status bit. When the INT bit is set, the CPU can 
examine the other status bits to determine which 
requests are active. 

3) Interrupt mode can be implemented using the INT pin 
and enabling the desired interrupt conditions in the Inter- 
rupt Mask register. The polarity of the INT pin can be 
selected at the same time. If desired, DBR can be used as 
a second interrupt pin to signify the transfer of data only. 
This may be useful in systems with multiple and 
prioritized interrupt structures. If DBR is used, the DBR 
mask bit in the interrupt mask register should be disabled 
or cleared. 

4) DMA mode can be implemented by setting the DMA 
enable bit in the control register and selecting high byte or 
low byte first by setting or clearing the LOBYT bit. The 
DBR pin is utilized as the DMA request, and will remain 
asserted until all data from the sequence is read. 

5) DMA/ Interrupt mode. DMA mode can also be used in 
non-DMA applications. Although this appears to be un- 
conventional, it may actually be preferred over the inter- 
rupt mode because of its convenience and speed. One 
way to do this would be to use the DBR pin as an interrupt 
request but enable DMA mode in the DAP When data is 
ready DBR interrupts the microprocessor. The 



Table 1. 


Channels in an ML2208 at Arbitrary Times 
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microprocessor then reads either window register the 
required number of times to drain the Data RAM. Using 
the DMA mode interrupt method over non-DMA mode 
interrupt method saves a lot of overhead. For example in 
non-DMA mode interrupt method (assuming AUTOI is 
set), the index register would have to be set on entry, and 
the DBRAK bit would have to be set each service routine. 
In DMA interrupt mode, neither the index register nor the 
DBRAK bit would have to be set. These are handled auto- 
matically in DMA mode. 

7.0 POWER-DOWN MODE 

The chip can be powered-down by asserting the Pdn P'i^- It is 
advisable to place the chip in HALT mode first by clearing the 
RUN bit in the control register, however the chip will auto- 
matically go into Halt mode when powered-down. All analog 
circuits are powered-off; digital circuits are left in an idle state. 
All registers within the chip will retain their values down to a 
level of 2 V between Vcc and GND. 

Powering-up the chip is done by bringing Pdn high. The chip 
will be in Halt mode upon power-up. Note, however, that the 



first 10 ms of chip operation after a power-up will not be valid 
due to the settling of quiescent bias conditions within the on- 
chip's analog circuits. Any data that is returned for this period 
after power-up should be considered invalid. The user has 
the choice of either throwing away the first 10 ms of data or 
waiting for 10 ms and then setting the chip in RUN mode. The 
on-chip timer can be used for this purpose, if desired, by 
defining a sequence of dummy operations that last for the 
required delay, then re-writing the required operations for 
normal use. 

Acknowledge register. Dbrak should also be set sometime 
before the next sequence to prevent the OVRN bit from 
being set, however this is not necessary. 

Note that the microprocessor cannot let the ML2200 se- 
quencer run continuously, i.e., SEQ would be changed to 
Immediate Execute and asynchronously read the Data RAM. 
The problem in this case would be that the microprocessor 
may read the data at the same time that the chip is updating 
it. That is why either polling, interrupt, or DMA transfer is 
required in a continuous run mode of operation. 



APPENDIX A 

Diagnostics 

The ML2200 and ML2208 may be run through a diagnostic 
routine after power-up. The DAP provides software 
programmable diagnostics so that no external hardware is 
necessary. Diagnostics are not necessary. They are provided 
as an option to the user. 

Self-Test Mode 

Setting the SLFTST bit in the Control register redefines the 
CHAN field in the Instruction Word. This in effect changes 
the input to the Sample-and-Hold from the multiplexer input 
channels to internal points within the chip; such as Vref ^nd 
AGND. Conversions in the Self-Test Mode allow the user to 
determine how the Sample-and-Hold and A/ D converter 
behave with known input signals. This can be useful as a 
diagnostic routine for a product in the field, or as a debugging 
feature during product development. Figure 16 illustrates the 
re-definition of the instruction word when SLFTST=1. 
1. System Offset - The positive and negative inputs to the 
Sample-and-Hold are tied to analog ground. With this 
setting, converted data will give the offset of the A/ D 
converter and Sample-and-Hold combination. 



2. Internal Reference - Connects the positive input of the 
Sample-and-Hold to Vref and the negative input of the 
Sample-and-Hold to analog ground. The result of convert- 
ing in this test mode is a value near positive full scale. 

3. Invert Internal Reference - Connects the negative input of 
the Sample-and-Hold to Vrep and the positive input of the 
Sample-and-Hold to analog ground. The result of convert- 
ing in this test mode is a value near negative full scale. 

4. Common Mode - Both the positive and negative inputs of 
the Sample-and-Hold are tied to the internal Vref- The 
result of a conversion in this test mode indicates how well 
the converter is rejecting a common mode signal. 

Since setting the SLFTST bit merely changes the input to the 
Sample-and-Hold, conversions must be executed in order to 
read the results. This means placing the chip in the RUN 
mode and reading the results from the Data RAM. It is possi- 
ble to run one sequence then halt the sequencer and read 
the results. The sequencer can be put in a "pause" via the 
Intra Sequence Pause Mode instruction. The following 
instructions accomplish this: 
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After the RUN bit is set, the ISQ bit in the status register is 
immediately set. Setting the ISQAK bit in the Interrupt Ac- 
knowledge register will allow the sequencer to continue. The 
next time the ISQ bit is set, the results may be read from the 
Data RAM. 



Reading and Writing to the Calibration Register 

The ML2200 and ML2208 architecture provides a way for the 
microprocessor to indirectly read and write to the A/ D con- 
verter; specifically the Calibration register and the A/D's Data 
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register. Figure 18 illustrates this architecture. 

The instructions that cause these transfers are READ CAL 
CODE and WRITE CAL CODE; selected in the Cycle field of 
the instruction word when SLFTST-0. WRITE CAL CODE 
transfers the contents of the Calibration Holding register into 
the A/ D converter's Calibration register. READ CAL CODE 
transfers the contents of the Calibration Holding register 
through the'A/D's Data register, into the Data Output register 
with the same location as the operation. 



As a result of providing READ and WRITE CAL, it is possible 
to execute digital loopbacks through the Calibration register, 
A/D registers, and all 8 Data Output registers. These loop- 
backs provides user assurance that all of the paths are clear 
and there are no stuck bits. 

Writing to the Calibration register changes the calibration of 
the A/D converter. Therefore a self calibration should be 
performed after executing a WRITE CAL CODE to ensure the 
A/D is properly calibrated. 
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Figure 18. Digital Loopback Architecture 



DIGITAL LOOPBACK ARCHITECTURE 

Reading the calibration register provides a way for the 
microprocessor to determine that the self calibration was 
successful. The microprocessor configures the DAP to exe- 
cute a READ CAL CODE after a self calibration has been 
performed. If the lower byte of data from the READ CAL 
CODE is anything other than all Is, then the calibration was 
successful. 



Even though the calibration register itself is a 16-bit register, 
and is capable of holding a 16-bit result, only the lower 9 bits 
are significant in determining the calibration code. These 9 
bits have a sign magnitude format; in other words the 9th bit 
(MSB of the 9-bit word) is the sign bit, and the other eight bits 
are magnitude bits. An easy way to determine whether the 
calibration has passed or failed is to read the lower data byte 
after a READ CAL is executed. If it's not all Is then the calibra- 
tion was a success. 
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APPLICATIONS 



Utilizing instruction RAM bits 0, 1, and 2, any of the differen- 
tial input channels of the ML2200 can be programmed to 
sense the external reference (See Figure 13.) Only single 
ended channels thru 5 can be used on the ML2208 
(See Figure 14.) 



ML2200 
>AVcc 



Vref 



ML2208 
?AVcc 



Vref 



-CHO 
AGND 



COM 
AGND 



Figure 19. Using a 2.5 V External Reference 



The system gain errors can be nulled by applying 2.4991V 
(the full-scale voltage minus 1.5 LSB) to one of the input chan- 
nels and adjusting R1 until the digital output toggles between 
1111 1111 1110 and 1111 1111 1111. If offset is not adjusted the 
full-scale voltage will be shifted by the amount of this 
unadjusted offset voltage. 





Figure 20. Adjusting Full-Scale Error 
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APPLICATIONS (Continued) 
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Figure 21. Adjusting Zero Error 



An op amp with an offset adjustment with a range of at least 
± 1.3 mV is required, like an OP -27. The Zero Error can be 
nulled by first applying 305j:^V to one of the input channels 
(referenced to AGND.) 305 /l(V is equivalent to V2 LSB which 
is the ideal input voltage which should cause the digital 
output to toggle from 0000 0000 0000 to 0000 0000 0001 . 
Adjust R3 until this occurs. 

If an external reference is also being used, it should be refer- 
enced to AGND, while the COM or negative inputs are tied 
to the offset op amp as shown above. In this configuration, 
the offset adjustment will effect the gain setting and so should 
be set first. 

The Channel to Channel Zero Error and Full-Scale Error are 
very low and do not need to be adjusted seperately. If, how- 
ever, the input signal sources have their own different offsets, 
a separate op amp, with an offset adjustment, can be placed 
at each channel input. 
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APPLICATIONS (Continued) 



ML2200 

Q+5V 



VMA 

A0-A7 

A8-A15 
R/W 

D0-D7 



IRQ 
RESET 



ADDR. 
DECODE 



p=o 



>— Ho 



p+5 
>3k 



:^v 



(unused) - 



X 



rr (not used) 



I I 7MHz 



1 



rS --^^ AVcc 

ALE DVcc 

A0-A2 

Vss 

VtEMP 

Vref 



RD 



WR 



INT 

RESET 

tCLK 



zr 



CHO + 
CHO- 
CH1 + 
CH1- 
CH2 + 
CH2- 
CH3 + 
CH3- 



SYNC 

DGND AGND 



^ 



4 DIFFERENTIAL 
ANALOG INPUT 
CHANNELS 



Figure 22. Interfacing ML2200 to 6800 Type Microprocessors 
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Figure 23. Pressure Sensor Application 
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ORDERING INFORMATION 


PART NUMBER 


LINEARITY 
ERROR 


MINIMUM 
CONVERSION 


PACKAGE 


TEMPERATURE 
RANGE 


Four Differential Analog Inputs 


ML2200BCJ 
ML2200CCJ 
ML2200DCJ 


+3/4 LSB 
+1 LSB 
+1 LSB 


31.5//S 

Sl.SyUS 

44.0//S 


Hermetic DIP 


0°C to +70°C 


Eight Single Ended Analog Inputs 


ML2208BCJ 
ML2208CCJ 
ML2208DCJ 


+3/4 LSB 
+1 LSB 
±1 LSB 


31.5/ys 
31.5//S 
44.0//S 


Hermetic DIP 


0°C to +70°C 
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ML2200, ML2208 Exerciser 



GENERAL DESCRIPTION 

The ML2200, ML2208 Exerciser is a versatile development 
tool that shortens the development time and aids in the un- 
derstanding of the ML2200, ML2208 Data Acquisition Periph- 
erals. In a short period of time a user is able to reset and 
calibrate the part, start executing programs, and evaluate the 
performance and operation of the part. 

The Exerciser includes a hardware Testbed with prototyping 
board area, a Host Adapter Card which plugs into the IBM 
PC, XT, AT and compatibles, a ML2200 or ML2208 Data Ac- 
quisition Peripheral, and a user friendly interactive software 
package. 

The interactive software is menu driven, providing helpful 
comments at each level. The complete operation of the 
ML2200, ML2208 can be explored including all possible 
register configurations. Once the registers are configured as 
desired, the part maybe run at full speed. Break conditions 
maybe setup to exit out of the run mode, and once again 
examine the registers. 



FEATURES 

■ On-Chip registers may be viewed and modified 
directly 

■ Testbed brings out all I/O signals and provides bread- 
board area for user specific circuits 

■ Full-speed operation captures data into a 20 K word 
buffer in the PC 

■ 20 K word buffer can be displayed graphically or in 
table form 

■ Single Step Operation 

■ Runs in an IBM PC, XT, AT or PC compatible Host 



While the ML2200 is in the run mode, the A/ D converted 
data is saved in a 20 K word buffer in the PC's RAM memory. 
The data in the 20 K word buffer can be displayed either 
graphically or in a table form for closer examination. 
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The main menu of the ML2200, ML2208 Exerciser software 
displays a summary of all of the registers on the chip. The 
contents of the Operation Registers are displayed in 
mnemonics while the contents of the timer and alarm 
registers are displayed in decimal. The top of the screen 
provides the main menu. 
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After the data has been captured at full speed and stored in 
the 20 K word buffer, it can be displayed in a table form or in 
graphic form as shown above. 



The Disp/mod menu allows individual access to each 
register for display or modification. The above screen shows 
how to modify the operation registers which changes the 
Instruction RAM. 
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Each fci.t in the interrupt acknowledae register corresponds to a fcit in the 
status register. Writing a 1 to a bit in the interrupt acknowledge 
register clears the corresponding kit in the status register, The status 
register is displayed for reference. 
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Each bit can be individually modified for step by step 
programming. The above screen displays the Interrupt 
Acknowledge register and Status register. 



REQUIRED HARDWARE 

IBM PC, XT, AT or compatible, 1 floppy disk drive, 192 K bytes of memory and a CGA, EGA or compatible graphics card. 



ORDERING INFORMATION 



PART NUMBER 


DESCRIPTION 


ML2200EX 
ML2208EX 


Exerciser System and a ML2200 Data Acquisition Peripheral 
Exerciser System and a ML2208 Data Acquisition Peripheral 
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PRELIMINARY 

ML2221 



Serial Peripheral Interface (SPI) 
12-Bit Plus Sign A/D Converter with S/H 



GENERAL DESCRIPTION 

The ML2221 is a member of Micro Linear's 12-bit plus 
sign CMOS A/D converter family utilizing a self 
calibrating algorithmic SAR technique. All errors of the 
sample-and-hold are accounted for in the analog-to- 
digital converter's accuracy specification. 

These A/D converters have a maximum nonlinearity 
error over temperature of +0.009% or ±0.012% of 
minus full scale to plus full scale. 

The serial interface is compatible with industry 
standard serial interfaces. The ML2221 has 4 modes of 
operation: gated serial data clock, gated chip select, 
chip select to initiate conversion with serial out data 
controlled by ML2221, and free run mode. 

The serial interface allows either MSB or LSB first data 
with 2's complement output coding. For easy interface 
to microprocessors and shift registers the output data 
word is 16 bits. 



FEATURES 



±3/4 LSB and ±1 LSB max 



I Nonlinearity error 
I Conversion time 

(including S/H acquisition) 44/js max 

I Harmonic distortion 0.01% 

t No missing codes 
I Self calibrating — maintains accuracy over time 

and temperature 

! Inputs withstand |7V| beyond supplies 
I Bipolar -5V to +5V analog input range 
I Controlled or free run operation 
I Direct 4-wire interface to //P (MPU) with 

synchronous serial formats 
! 0°C to +70°C, -40°C to +85°C temperature range 

16-pin DIP 



BLOCK DIAGRAM 
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PIN DESCRIPTION 



PIN 
NO. 



NAME 



FUNCTION 



1 V|N+ Positive Differential Analog Input; 

range = Vss < V|n + < Vco 

|(V|N+) - (V,N-)| < Vref. 

2 V|N- Negative Differential Analog Inputs- 

range = Vss ^ V|N - < VcG 
|(V,N+) - {V,N-)| < Vref. 

3 Vref Voltage Reference Inputs- 

referenced to analog ground. 

4 Vss Negative Supply -5V + 5%; 

decouple to AGND. 

5 SCLK|N/ouT SCLK mode select 

SCLK|ts|/ouT = 5V; SCLK is an input 
serial CLK. 

SCLK|N/ouT = OV; SCLK is an 
output serial CLK. 

6 DGND Digital Ground. 

7 SCLK Bi-Directional Serial Data Clock. 

Serial data always changes with 
the clock present at SCLK. 

8 DO Data Out. Digital output which 

contains result of A/D conversion. 
The serial data is clocked out on 
falling edges of SCLK. 

9 BUSY Three-state active high BUSY 

status output. Normally low. Goes 
high to indicate that a conversion 
is in progress; de-asserted when 
conversion is complete and data is 
available from the conversion just 
completed. A pulldown resistor is 
recommended on this pin. 

10 CS Active Low Chip Select, starts a 

conversion and brings the BUSY 
and DO out of the three-state 
mode. CS is used in modes where 
conversion or transmission timing 
is controlled; held low In gated 
SCLK and FREERUN modes. 



PIN 
NO. 



NAME 



FUNCTION 



11 MSB Most Significant Bit is transmitted 

first if MSB is tied to Vco* Least 
Significant Bit transmitted first if 
MSB is tied to DGND. 

12 RESET Active Low Reset. The RESET 

period is set by the time constant 
of the internal 50K pull up resistor 
and an external capacitor. After 
the RESET period the converter 
will be ready for accepting 
requests or will automatically start 
conversions/transmissions based 
upon the mode. 

13 CCLK^ Sets CCLK equal to internal clock 

if tied to 5V. If tied to OV the 
Internal clock equals CCLK/2. 

With CCLK equal to the internal 
CLK the user can synchronize to 
all internal timing events, although 
CCLK duty cycle must be 
controlled to meet the minimum 
clock high and low times specified. 

14 CCLK Clock Input. Internal clock can be 

generated by tying a crystal from 
this pin to L)GND or applying a 
clock directly to the pin. 

15 Vcc Positive Supply +5V ± 5% 

decouple to AGND. 

16 AGND Analog Ground Volts. Common 

mode reference point of the 
internal differential circuitry. 



ABSOLUTE MAXIMUM RATINGS 

(Note 1) 

Supply Voltage (Vcc) 6-OV 

Negative Supply Voltage (Vss) -6.0V 

Voltage at Analog 

Inputs Vss - TV to Vcc + TV 

Voltage at Vref Vss - TV to Vcc + TV 

Input Current per Digital Pin ±10mA 

Input Current at Analog Inputs ±20mA 

Storage Temperature Range -65°C to +150°C 

Package Dissipation at 25°C (Board Mount) 8T5mW 

Lead Temperature (soldering 10 seconds) 

Dual-ln-Line Package (Molded) 260°C 

Dual-ln-Line Package (Ceramic) 300°C 



OPERATING CONDITIONS 

(Note 2) 

Temperature Range Tmin ^ Ta < Tmax 

ML2221BIJ, ML2221CIJ -40''C to +85«'C 

ML2221BCB ML2221CCP 0°C to +T0*'C 

Supply Voltage (Vcc) 4.5Vdc to 6.0Vdc 

Negative Supply Voltage (Vss) -4.5Vdc to -6.0Vdc 

Reference Voltage (Vref) Vcc 
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ELECTRICAL CHARACTERISTICS 

The following specifications apply for Vcc = +5V ± 5%, Vss = -5V ± 5%, Vref = +4.75y Vin- 
V||si+ = -4.75V to +4.75V, Ta = Tmin to Tmax unless otherwise specified. 



■■ AGNQ 



PARAMETER 



NOTES CONDITIONS 



ML2221BIJ, ML2221CIJ 



MIN 



TYP 

(Note 3) 



MAX 



ML2221BCP, ML2221CCP 



MIN 



TYP 
(Note 3) 



MAX 



UNITS 



Converter Characteristics 



Linearity Error 
MI???1BXX 
ML2221CXX 


4 


fccLK = 0.1 < 5MHz 






±3/4 
±1 






±3/4 
±1 


LSB 
LSB 


Unadjusted Zero Error 
MI???1BXX 
ML2221CXX 


4 








±3/4 
±2 






±3/4 
±2 


LSB 
LSB 


Unadjusted Positive and Negative 
Full-Scale Error 


4 








±5 






±4 


LSB 


Zero Error Temperature Coefficient 








0.5 






0.5 




ppm/°C 


Gain Temperature Coefficient 








10 






10 




ppm/°C 


Common Mode Rejection 


5, 6 




80 






80 






dB 


Analog Input Source Resistance 


4 








2 






2 


kO 


Analog Input Range 


4 


V,N+ Referred to V,n- 


-Vref 




+Vref 


-Vref 




+Vref 


V 


Analog Input Leakage Current 


4 








100 






100 


nA 


Voltage Reference Input Source 
Impedance 


4 








0.5 






0,5 


kO 


Reference Input Leakage Current 


4 








100 






100 


nA 



Digital and DC Characteristics 



Power Supply Current 
Ico Vcc 
Iss. Vss 


4 






30 
18 


50 
30 




30 
18 


50 
30 


mA 
mA 


Power Supply Rejection 
Vcc 

Vss 


7 


DC 

DC to 25kHz 

DC 

DC to 25kHz 




80 
50 
80 
50 






80 
50 
80 
50 




dB 
dB 
dB 
dB 


V|LCLK/ Clock Input Low Voltage 


4 








0.8 






0.8 


V 


V|HCLK/ Clock Input High Voltage 


4 




3.5 




Vcc 


3.5 




Vcc 


V 


\iy Input Leakage Current (CCLK) 


4 


AGND < V,N < Vcc 






±200 






±200 


M 


V|L, Input Low Voltage 


4 








0.8 






0.8 


V 


V|H, Input High Voltage 


4 




2.0 




Vcc 


2.0 




Vcc 


V 


VoLy Output Low Voltage 


4 


Iql = 2.0mA 






0.45 






0.45 


V 


VoH/ Output High Voltage 


4 


loH = -400M 


2.4 






2.4 






V 


\y Input Leakage Current 
(except CLK) 


4 


AGND < V,N < Vcc 






±10 






±10 


M 


Ihi-Z/ Output Leakage Current 


4 


CS = V,H 






±10 






±10 


M 


C|, Input Capacitance 
(all digital inputs) 


5 






10 






10 




PF 


Cq/ Output Capacitance 


5 






10 






10 




PF 



^^ Micro Linear 
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ELECTRICAL CHARACTERISTrCS (Continued) 


SYMBOL 


PARAMETER 


NOTES 


CONDITIONS 


MIN 


TYP 
(Note 3) 


MAX 


UNITS 


AC Electrical Characteristics (Note 8) 


tc 


Conversion Time 


4, 9 


fccLK = 5MHz (CCLK^ = "0") 


44 






//s 




Sample and Hold Acquisition 


4,9 


fccLK = 5MHz (CCLK^ = "0") 






3.2 


fJS 


^CCLKO 


Clock Frequency 


5,9 


Crystal (CCLK^ = "0") 


3 




5 


MHz 




Driven (CCLK-^ = "0") 


.1 




5 


MHz 


^CCLKO 


Clock Width 


5,9 


Driven (CCLK-^ = "0") 


High 


50 






ns 




Low 


50 






ns 


^CCLKI 


Clock Frequency 


5 


Driven (CCLK-^ = "1") 


0.5 




(Note 
10) 


MHz 


^CCLKI 


Clock Width 


5 


Driven (CCLK^ = "1") 


High 


150 






ns 




Low 


150 






ns 


tcSB 


CS Low to BUSY Driven 


4 








85 


ns 


tcsBHZ 


CS High to BUSY Hi-Z 


4 








85 


ns 


tcseA 


CS Low to BUSY 


5 


CS, SCLKiNT or SCLKext 






270 


ns 


tsCLKB^ 


SCLK High to BUSY 


5 


Gated SCLK 






270 


ns 


tcCLKsD 


CCLK Low to BUSY Deassert 


5 








160 


ns 


tsCLK, DO 


Serial Clock Low to DO Valid/Hold 


4 








190 


ns 


tcs, DO 


CS Low to DO Driven 


4 








85 


ns 


tcs, dqHZ 


CS High to DO Hi-Z 


4 








85 


ns 


tcs, CCLKt 


CS Low Setup Time to CCLKt 


4 


Immediate Conversion Start 









ns 


tcs, SCLK 


CS Low Setup to SCLK Low for 
No-Delay Data Transmit 


5 








75 


ns 


tcCLK, SCLK 


CCLK to SCLK Output Delay 


5 


SCLKiN/ouT ^ "0" 






225 


ns 



Note 1: 

Note 2: 

Note 3: 
Note 4: 
Note 5: 
Note 6: 
Note 7: 
Note 8: 
Note 9: 



Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 

specified are measured with respect to ground. 

0°C to +70°C and -40°C to +85°C operating temperature range devices are 100% tested with temperature limits guaranteed by 100% 

testing, sampling, or by correlation with worst-case test conditions. 

Typicals are parametric norm at 25°C. 

Parameter guaranteed and 100% production tested. 

Parameter guaranteed. Parameters not 100% tested are not in outgoing quality level calculation. 

Common mode rejection is the ratio of the change in zero error to the change in common mode input range. 

Power supply rejection is the ratio of the change in zero error to the change in power supply voltage. 

All parameters measured from 0.8V to 2.0V, Cl = 50pF. 

Maximum frequency is 1/tcLKi (high) + tcLKi (low) + rise + fall times, which must be < 2.5 MHz. 
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DATA 
OUTPUT 



clZi: 10k 



r 



OUTPUT 
ENABLE 



Vcc 



VOH- 





50% 
10% 



cVoH-lOOmV 



I' 



Vcc 



^x 



Vcc 

OUTPUT .no/ 

Vcc 





VOL- 



50% 
10% 



VoL+IOOmV 



\: 



Figure 1. High Impedance Test Circuits and Waveforms 

caK,caK. = ..., V\AAAA/\AAAAAAAAAAAAAAilAAAAAA 



CCLK(CCLK^ = "1") 
INTERNAL CLK 




'-/ y////////////iy//////m 



•*- tcsfiA-*' 



.r 



FIRST DATA BIT 






SECOND LAST 

,DATA BIT DATA BIT 



/ 



|-*-tCCLKBD 
*DATA WILL BE MSB OR LSB FIRST DEPENDING ON "MSB" LOGIC STATE 



Figure 2. CS, SCLK Sourced Mode 



CCLK(CCLK^ = "0") 



CCLK(CCLK- = "1") 
INTERNAL CLK 



AAAAAAAAAAAAAAAAAAAAAAAAAAAA/ 




-*— tCS, DO Hz 



-tcSB tCCLKD- 

*DATA WILL BE MSB OR LSB FIRST DEPENDING ON "MSB" LOGIC STATE 



Figure 3. CS, SCLK External Mode 
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caKcaK^=-.o. VWVWWVWVWVWVWXAAAAAA/ 



CCLK(CCLK4^ = "1") 
INTERNAL CLK / 1 




PREVIOUS * SECOND PREVIOUS * 16TH 
*DATA WILL BE MSB^R LSB FIRST DEPENDING ON "MSB" LOGIC STATE. DATA BIT DATA BIT 

SCLKiN/OUT = "0", CS = "0", BUSY REMAINS "1" 



Figure 4. FREERUN Mode 

cn^^^^'^on AAAAAAAAAAAAAAAAAAAAAAAAAy 




SCLKiN/OUT = 1, CS = 



*DATA WILL BE MSB OR LSB FIRST DEPENDING ON "MSB" LOGIC STATE 



Figure 5. Gated SCLK Mode 
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1.0 FUNCTIONAL DESCRIPTION 

1.1 ALGORITHMIC A/D CONVERTER 

Micro Linear's algorithmic converter uses a successive 
approximation technique. Most of today's successive 
approximation converters use a DAG to feedback the 
approximated signal, however this technique requires 
more circuitry than algorithmic converters, in addition 
the values of all of the resistors or capacitors in the 
DAG must be matched to within the accuracy of the 
converter. This is difficult beyond 10 bits unless 
trimming is used. An algorithmic converter uses less 
circuitry and is more easily trimmed. Micro Linear's 
algorithmic converter is implemented using a 2x 
amplifier, a sample/hold amplifier and a comparator as 
shown in Figure 6. 

The input sample is first multiplied by two then 
compared to the reference voltage. If the 2x input 
voltage is greater than the reference, the MSB is a 1 
and the reference voltage is subtracted from the 2x 
input voltage. The remainder is stored in the sample 
and hold. If the 2x input voltage is less than the 
reference, the MSB is a and the 2x input voltage is 
stored in the sample and hold. This process repeats 
again, however now the sample and hold voltage is 
multiplied by 2. 

The algorithm involves multiplication by 2, comparison, 
and possibly subtraction. Referring to Figure 6, the 
algorithm for the circuit can be described as follows: 

Step 1 If (2 X V|n) - Vref > 
then MSB = 1 

(2 X V|n) - Vref-S/H 
else MSB = 

(2 X V|n)-S/H 

Step 2 If (2 X s/H) - Vref ^ 
then next bit = 1 

(2 X S/H) - Vref-S/H 
else next bit = 

(2 X S/H)-S/H 

Step 3 Repeat Step 2 until conversion complete. 



Since the A/D converter handles bipolar inputs, 
negative inputs are handled slightly differently using the 
same principle. 

1.1.1 Self Calibration 

In order to maintain integral and differential linearity in 
an algorithmic converter, two critical parameters need 
to be controlled, loop offsets and the gain of the loop. 
Loop offsets are automatically nulled before each 
conversion using auto-zeroing circuitry on both the 
sampling amplifier and the 2x amplifier. The gain of the 
loop is adjusted using self calibration. 

Self calibrating the algorithmic converter, once the 
offsets have been nulled, is performed by measuring 
the 2x gain of the loop and adjusting it. The gain can 
be measured by converting the reference voltage at the 
input as well as the reference (Vref/Vref), and 
examining the output code. Converting Vref should 
yield plus full scale, since Vref/Vref should equal 1. If 
the gain of the loop is slightly less than 2, the resulting 
LSB of the conversion will be "0". If the magnitude bits 
of the resulting conversion are all "1s", the gain may be 
too great, therefore the gain is reduced to the point 
where the threshold of the LSB is reached. 

Adjustment of the 2x gain is done with the binary 
weighted trim capacitor arrays connected to each of 
the 2G input capacitors. A small value of capacitance is 
either added to or subtracted from the 2G input caps 
until the gain of the loop is within 13-bit accuracy. 




COMPARATOR 



Figure 6. Self Calibrating A/D Converter 
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1.1.2 Conversion Tinties 

The following table lists the conversion times which 
include the sample and hold acquisition time. 



OPERATION MODE 


INTERNAL CLOCKS* 


CS, SCLK External 


124 


CS, SCLK Sourced 


124 


FREERUN 


110 


Gated SCLK 


124 



1.1.3 Sample and Hold Timing 

Figure 8 shows the internal timing for the sample and 
hold circuitry. The relationship between the start of 
conversion and the input channel going into sample 
mode is fixed at 6 internal clocks*, regardless of the 
start mode. Six internal clocks after the start of 
conversion the sample and hold is switched into the 
sample mode, placing two 9pF capacitors in parallel 
with the input pins; one on V|n+ and one on Vim- The 
sample switch is kept in the sample mode for 8 internal 
clocks (3.2/[/s at a 5MHz external clock), then placed in 
the hold mode. During the next 2 internal clocks the 
charge on the sample and hold is transferred into the 
A/D, after which the Vref P'" is sampled for 8 internal 
clocks. 

1.2 ANALOG INPUTS 

1.2.1 Differential Inputs and Common Mode Rejection 

The differential inputs of the ML2221 eliminate the 
effects of common mode input noise (60Hz for 
example), as V||s|+ and V|n- are sampled at the same 
time. 



1.2.2 Noise 

The leads to the analog inputs should be kept as short 
as possible to minimize output noise. Noise as well as 
digital clocks can couple into the inputs and cause 
errors. Input filters can be used to reduce the effects of 
these sources. 

1.2.3 Power Supply Decoupling 

Low inductance tantalum capacitors of 1//F or greater 
and 0.01/iF disc ceramic capacitors are recommended 
for bypassing Vcc as well as Vss to AGND. These 
capacitors should be placed close to the Vcc and Vss 
pins. 

1.3 CONVERTER CLOCK 

The CCLK input can be driven with an external clock 
or a crystal referenced to DGND. The crystal must be 
parallel resonant with minimum capacitive loading, (i.e., 
no bypass caps should be used and leads should be 
kept short) 

If driven with external clock and if the CCLK^ pin is 
tied to Vcc/ the frequency must be between SOKHz to 
2.5MHz with the requirement that clock LOW (tccLKL) 
and clock HIGH (tccLKH) durations must be more than 
150ns. If the CCLK-^ pin is tied to ground then the 
frequency can be from 100Hz to 5.0MHz. 

For crystal operation with the divide by two flip flop 
bypassed, and there is a 30 to 70% variation in duty 
cycle of the oscillator, the maximum crystal frequency is 
2.0MHz to insure that the minimum clock high and low 
times are greater than 150 nsec. 



For a description of internal clocks see Clock section. 



12l 13 



28 1 29 32I33 



48 U9 



EXTERNALCLocK ruinn|ij¥irijimifiruij^^^ 

II II I 

iMTCPMAi rir»ri^ ' ^ 2 3 4 5 6 I 7 8 9 10 11 12 13 14 I 15 16 I 17 18 19 20 21 22 23 24 | 25 26 

oREmKctocK riJT|lJlJXrUlJl4TJ1_R^^ 



START OF CONVERSION 



I 

U SAMPLING INPUT - 



-SAMPLINGREFERENCE- 



Figure 7. Sample and Hold Timing 
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1.4 RESET 



The RESET pin has an internal 100K pullup resistor. 
Power supplies must be stable to within a ±5% 
tolerance before the reset condition is removed. 

The active low hardware reset can be performed by a 
capacitor value (usually >6//F) tied to the RESET pin or 
by driving it with the system reset signal. 

1.5 DIGITAL INTERFACE 

All four synchronous interface modes of operation are 
determined by CS during reset period as follows: 



Logic Level of 
CS During Reset 


SCLK 
Mode Select 
(SCLK,n/out) 


Serial Interfade Mode 








FREERUN 





1 


Gated SCLK 


1 





CS, SCLK Sourced 


1 


1 


CS, SCLK External 



After the reset time, the SCLKin/out P'" can be 
changed to switch between either (FREERUN and Gated 
SCLK) or (CS, SCLK Sourced and CS, SCLK External). 

The logic level of CS will not change the mode of 
operation of the ML2221 once the mode of operation is 
programmed during the RESET period. 



a. Serial Transmission < Conversion Time 



-CONVERSION TIME- 



Jf — V 



1.5.1 CS, SCLK External Mode 

CS starts a conversion. The SCLK is continuously driven 
into the ML2221 and data from the previous conversion 
is shifted out at the SCLK rate starting at the first SCLK 
falling edge from the CS assertion. CS is normally kept 
low for all 16 bits of data, but can be brought back 
high after the desired number of bits have been shifted 
out. Conversions should be requested every 124 
internal converter clocks. 

It takes 110 internal clocks to convert an analog signal 
into 13 bits of data plus 13 more clock periods to make 
data available. At a 5.0MHz clock and CCLK-^ = OV, the 
maximum conversion rate is 49.6 microseconds or 124 
internal converter clocks. 

When CS is asserted (LOW) a conversion begins and 
the DO output becomes active. The ML2221 is ready to 
shift out the data serially. 

The BUSY output is in the high impedance state when 
the ML2221 is not selected. When CS input goes low, 
the BUSY output is driven high or low depending on if 
a conversion is in progress. Once a conversion begins, 
BUSY is held active for 123 internal converter clocks. 

The DO output is hjgh impedance when the ML2221 is 
not selected. When CS input goes low, it Is driven with 
the first bit of data initially, and then begins to put out 
ail subsequent data bits on each FALLING edges of the 
serial clock (SCLK). Data is always output in 16 bit 
format: if the LSB is output first, the data Is sign 
extended after 13 bits; if the MSB is output first, the 
data is zero-filled after 13 bits. DO remains driven as 
long as CS remains low. 



y — V 



CONVERSION 1 



CONVERSION 2 , 



CONVERSION 3 , 



y 



\. 



A 



\. 



y 



"V 



^ iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii 
- — Jiniinnnjip- — iJimiMJW^-----Liinjmnnnr 



XMIT PREVIOUS DATA 



-\ 



-I 



NOTE: CONVERSION TIME EQUALS 124 INTERNAL CLOCK OR CCLK'S IF CCLK4^ = "1" 

Notes: 

1. Use 10k pulldown resistor on BUSY pin to get "true" convert busy. 

2. If CS is brought high in the middle of a serial data transmission, the data transmission is aborted and the data is reloaded into the output shifter. 

Figure 8. CS, SCLK External Mode 
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1.5.2 CS, SCLK Sourced Mode 

CS starts a conversion. At the end of the conversion 
(123 internal converter clocks after start of conversion), 
the chip outputs 16 bits of data and 16 SCLKS at the 
rate of 4 internal converter clocks per bit. Chip select is 
normally held low for the entire conversion and 
transmission sequence, although CS can be brought 
back high during the serial data transmission after the 
desired number of bits have been shifted out. This 
mode always shifts out data from the current 
conversion. 



It takes 110 internal clocks to convert an analog signal 
into 13 bits of data plus 13 more clock periods to make 
data available. To send out 16 bits serially 64 internal 
clocks are needed to complete a transmission. At a 
5.0MHz clock and CCLK-^ = OV, the maximum 
conversion rate is 75.2 microseconds or 188 internal 
converter clocks. The maximum frequency for selecting 
the ML2221 is 18.8KHz. 

When CS is asserted (LOW) a conversion begins and 
the DO output becomes active. The ML2221 is ready to 
shift out the data serially after 124 internal clocks. 



b. Serial Transmission > Conversion Time 



^ 



-> 124 INTERNAL CLKS- 



urnrx 



jmir\. 



MIII7~\. 



CONVERSION 1 CONVERSION 2 . CONVERSION 3 , 



A r 



A r 



■nnniuiMjL- 

XMIT 
PREVIOUS 
■ DATA ■ 



^imiiF 



-tIUIMI^- 



•^miMi 



XMIT DATA 2 



Notes: 

1. Use_10K pulldown resistor on BUSY pin to get "TRUE" convert BUSY status. 

2. If CS IS brought HIGH in the middle of a serial data transmission, the data transmission is aborted and the data is reloaded into the output 
shifter. 

Figure 8. CS, SCLK External Mode 



cs 

CONV 
BUSY 



1\_ 



*no © I *i3 . 



7^ V 



y 



@ 



l-«-*64-H 



DATA BIT 1 OF XMIT DATA 1 



DATA BIT 1 OF XMIT DATA 2 



jUNK 



DOi 



DO2 



XMIT DATA 1 



XMIT DATA 2 



♦NUMBER OF INTERNAL CONVERTER CLOCKS OR CCLKS WITH CCLK4- = "1" 

Notes: 

1. UseJOK pulldown resistor on BUSY pin to get "TRUE" convert BUSY status. 

2. If CS is brought HIGH in the middle of a serial data transmission, the data transmission is aborted and the data is reloaded into the output 
shifter. 

Figure 9. CS, SCLK Sourced Mode 
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1.5.3 FREERUN Mode 

The FREERUN mode executes continuous back-to-back 
conversions at the rate of 110 internal converter clocks 
per conversion, and outputs 16 bits of data and 16 
corresponding SCLKS at the rate of 4 internal converter 
clocks per bit. The ML2221 immediately begins 
converting after reset and starts outputting data after 
the first conversion. A conversion rate of 44 
microseconds is achieved using the maximum SCLK 
frequency. 

in the FREERUN mode, BUSY is always asserted, since 
the A/D converter is continuously busy. In the FREERUN 
mode an external shifter or FIFO can be used to store 
data on the fly and no SCLK input is required. 

1.5.4 Gated SCLK Mode 

In the Gated SCLK mode a burst of 16 clocks at the 
SCLK input is used to simultaneously shift 16 bits of 
data out from the previous conversion and start a 



conversion at the first of the 16 SCLKS. Requests for 
conversions should be held off for at least 1 conversion 
time (124 internal converter clocks) after the reset 
condition is removed. This is to allow the chip to 
execute one conversion immediately after reset. 

In order to maintain proper timing 16 clocks must 
always be given. Conversion requests should be made 
once every 124 internal converter clocks. 

A conversion begins at the reception of the first SCLK. 
It takes 110 internal clocks to convert an analog signal 
into 13 bits of data plus 13 more clock periods to make 
data available. At a 5.0MHz clock and BYPASS = OV, the 
maximum conversion rate is 49.6 microseconds or 124 
internal converter clocks. Conversion requests should 
not be made more often than this number. 

The BUSY output never floats and is asserted at the first 
SCLK and deasserted after 123 internal converter clocks. 
BUSY is held active for 123 internal converter clocks. 
DO is always driven. 



CONVERSION 



r 



no © 



@ 



® 



® 



© 



® 



^-^ii^ 



////////////////////ii ^ 

© ® (D © 



♦NUMBER OF INTERNAL CONVERTER CLOCKS OR CCLKS WITH CCLK^ - "1" 



Note: DO is always driven. 



Figure 10. FREERUN Mode 



a. Serial Data Transmission < Conversion Time 



© 



RESET /^ 

CONVERSION I 1 1 I 1 1 I 1 ' 



BUSY 



!_ 



ms^sm. 



jiMiJum 



DO D1 D2 D15 D16 



DO D1 D2 D15 D16 



mm/m/m//h ~--v{^- v\W7A--- n n-n mmr/ 



DATA0 
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DATA@ 



*NUMBER OF INTERNAL CONVERTER CLOCKS OR CCLKS WITH CCLK^ = "1" 
Note: Time from first SCLKt to seventeenth SCLKt must be greater than 124 internal converter clocks. 

Figure 11. Gated SCLK Mode 
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1.6 DATA FORMAT 



The MSB pin determines if the MSB or LSB data is 
transmitted first and in the following format. If more 
than 13 SCLK's occur. 



MSB = 1 



MSB = 



FIRST 


























LAST 


S 


11 


10 


9 


8 


7 


6 


5 


4 


3 


2 


' 











ZERO FILL 
FIRST LAST 





1 


2 


3 


4 


5 


6 


7 


8 


9 


10 11 S 


s 


S 


s 



SIGN 
EXTEND 



b. Serial Data Transmission > Conversion Time 



RESET 

CONVERSION 

BUSY 



X 



® 



_| 1 |_ 



® 



H 1 



13 14 15 16 



© 



12 3 4 5 



D1 D2 D12 D13 D14 D15 DO D1 D2 D3 D4 

_n_rijun tltlj 



XMIT DATA© 
Note: Time from first SCLKt to seventeenth SCLK! must be greater than 124 internal converter clocks. 

Figure 11. Gated SCLK Mode 



XMIT DATA@ 
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LDA 


Load contents of SPI data register into 
Ace. (Dqut MSBs) 




STA 


Start next SPI cycle 




AND 


Clear 3 MSBs of first Dqut word 




STA 


Store in memory location A (MSBs) 




TST 


Test status of SPIF 




BPL 


Loop to previous instruction if not 
done with transfer 




BSETn 


Set BO of Port C (CS goes high) 
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Load contents of SPI data register into 
Ace. (Dqut LSBs) 
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Figure 12. Interfacing to 68HC05C4 with a Dedicated Serial Port 
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Figure 13. Adjusting Zero Error 



Figure 14. 1 Mbps 8051 Interface 
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Figure 15. Optical Isolated 8088 Interface 



ORDERING INFORMATION 



PART NUMBER 


LINEARITY 
ERROR 


TOTAL 
UNADJUSTED ERROR 


TEMPERATURE 
RANGE 


PACKAGE 


MI???1BCP 
ML2221BIJ 


±3/4 LSB 


±11/2 


0°C to +70°C 
-40°C to +85°C 

0°C to +70°C 
-40°C to +85°C 


MOLDED DIP 
HERMETIC DIP 


ML2221CCP 
ML2221CIJ 


+1 LSB 


±21/2 


MOLDED DIP 
HERMETIC DIP 
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December 1989 
PRELIMINARY 

ML2222 



Serial, CODEC/ DSP Interface 
12-Bit Plus Sign A/D Converter with S/H 



GENERAL DESCRIPTION 

The ML2222 is a member of Micro Linear's 12-bit plus 
sign CMOS A/D converter family utilizing a self 
calibrating algorithmic SAR technique. All errors of the 
sample-and-hold are accounted for in the analog-to- 
digital converter's accuracy specification. 

These A/D converters have a maximum nonlinearity 
error over temperature of +0.012% or ±0.024% of full 
scale. 

The CODEC serial interface is compatible with the 
communication industry standard protocol of PCM 
(Pulse Code Modulation). The ML2222 upon receiving 
the transmit frame synchronization pulse (FSX), shifts 16 
bits of data. 

The transmit clock may vary from 64 KHz to 2.048 MHz. 

The serial interface allows either MSB or LSB first data 
with 2's complement output coding. For easy interface 
to microprocessors and shift registers the output data 
word is 16 bits. 



FEATURES 

■ Standard communication industry protocol for 
timing and frame sync 

■ Transmit clock from 64 KHz to 2.048 MHz 

■ Nonlinearity error ±V2 LSB and ±1 LSB max 

■ Conversion time 

(including S/H acquisition) 31.5/is max 

■ Harmonic distortion 0.01% 

■ No missing codes 

■ Self calibrating — maintains accuracy over time 
and temperature 

■ Inputs withstand |7V| beyond supplies 

■ Bipolar -2.5V to +2.5V analog input range 

■ 0°C to +70°Q -40°C to +85°C temperature range 

■ 16-pin DIP 
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PRELIMINARY 

ML2223 



Asynchronous Serial Interface 
12-Bit Plus Sign A/D Converter with S/H 



GENERAL DESCRIPTION 

The ML2223 is a member of Micro Linear's 12-bit plus 
sign CMOS A/D converter family utilizing a self 
calibrating algorithmic SAR technique. All errors of the 
sample-and-hold are accounted for in the analog-to- 
digital converter's accuracy specification. 

These A/D converters have a maximum nonlinearity 
error over temperature of ±0.012% or ±0.024% of full 
scale. 

For easy interface to microprocessors, the ML2223 is 
designed to transmit data into RS-232 type ports. 

The ML2223 operates in tw^o asynchronous modes of 
operation. In one mode, the A/D continuously 
transmits 2 bytes in a 24-bit stream, inserting 8 idle bits 
between transmissions. The second mode of operation 
utilizes chip select to start a conversion or transmit the 
previous conversion result in the 24-bit stream data 
format. If the CURR input pin is tied high, transmission 
begins immediately upon receiving a conversion start 
request. When CURR is low, transmission is started 
after a new conversion is complete. 

The serial data clock can be generated by the ML2223 
or it can be provided by an external source. 

The serial interface provides LSB first data with 2's 
complement output coding. 



FEATURES 

■ RS-232 compatible asynchronous interface 

■ One- or two-wire data transmission 

■ Continuous or on-command conversions 

■ Nonlinearity error ±V2 LSB and ±1 LSB max 

■ Conversion time 

(including S/H acquisition) 35.5/[/s max 

■ Bipolar -5V to +5V analog input range with ±5V 
power supplies 

■ Harmonic distortion 0.01% 

■ No missing codes 

■ Self calibrating — maintains accuracy over time 
and temperature 

■ Inputs withstand |7V| beyond supplies 

■ 0°C to +70°C, -40°C to +85°C temperature range 

■ Standard .3" 16-pln DIP 
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October 1990 
PRELIMINARY 

ML2230 



fiP Compatible 12-Bit Plus Sign A/D Converter 

with Sample and Hold 



GENERAL DESCRIPTION 

TheML2230isa member of Micro Linear's 12-bit plus sign 
CMOS A/D converter family utilizing a self calibrating 
algorithmic technique. The sample-and-hold, incorpo- 
rated on the ML2230, has a differential input for noise 
immunity and power supply rejection. All errors of the 
sample-and-hold are accounted for in the analog-to-digital 
converter's accuracy specification. 

The ML2230B has a maximum non-linearity error over 
temperature of 0.018% of full-scale, and the ML2230C 
and ML2230D have a maximum non-linearity error over 
temperature of 0.024% of full scale. 

Designed to interface to an 8-bit microprocessor bus with- 
out additional components, the ML2230 outputs the 1 3-bit 
data result in two 8-bit bytes. Data format is 2's comple- 
ment. All digital signals are fully TTL and CMOS 
compatible. 

For interfacing to a 16-bit microprocessor bus the ML2233 
provides a 1 3-bit data result. 



FEATURES 

■ Resolution 12-bits + sign 

■ Conversion time 

(including S/H acquisition) 31 .5^s max 

■ Sample and hold acquisition 2.3/as max 

■ Non-linearity error +3ALSB and +1LSB max 

■ Low harmonic distortion 0.01 % 

■ No missing codes 

■ Self calibrating— maintains accuracy over time and 
temperature 

■ Inputs withstand |7V| beyond supplies 

■ Data transfer options— interrupt, DMA, or polling 

■ Outputs data in two 8-bit bytes 

■ Standard 24-pin DIP 
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PIN DESCRIPTION 

DIP PCC NAME 



FUNCTION 



AGND 

V|N + 
V|N- 

Vref 
Vss 



SYNC 



8 


10 


DO 


9 


11 


D1 


10 


13 


D2 


11 


14 


D3 


12 


15 


DVcc 



Analog ground. 

Positive differential analog input; 
range = Vss ^V|N+ ^AVco 
I(V|n + )-{V,n-)I^Vref. 
Negative differential analog input; 
range = Vss :^V|N- ^AVco 
I(Vin + )-(V,n-)I^Vref. 
Voltage reference input; refer- 
enced to analog ground. 
Negative power supply; decouple 
to AGND. 

Data available; indicates a con- 
version has completed and data is 
available or calibration complet- 
ed. 

In the slave mode, SYNC is a posi- 
tive edge triggered input used to 
start a conversion. In master 
mode, SYNC is an output and 
indicates a conversion has oc- 
curred. 

Bidirectional data bit. 
Bidirectional data bit. 
Bidirectional data bit. 
Bidirectional data bit. 
Digital power supply. Tie to AVcc 
from same power supply. 



DIP PCC NAME 



19 



20 



21 



22 



23 



24 



FUNCTION 



13 


16 


D4 


14 


17 


D5 


15 


18J9 


DGND 


16 


20 


D6 


17 


21 


D7 


18 


22 


A1 



23 



24 



25 



26 



27 



28 



AO 



cs 



RD 



WR 



CLK 



AVcc 



BidirectionaJ data bit. 
Bidirectional data bit. 
Digital ground. 
Bidirectional data bit. 
Bidirectional data bit. 
Address for the microprocessor 
interface to access any one of the 
four registers. 

Address for the microprocessor 
interface to access any one of the 
four registers. 

Chip select; enables writing to or 
reading from. 

Read; enables ML2230 to drive 
data bus. 

Write; allows writing into the reg- 
isters. 

Clock input. Drive with an ex- 
ternal clock or crystal referenced 
to DGND. The crystal must be 
parallel resonant with minimum 
capacitlve loading, (i.e., no 
bypass caps should be used and 
leads should be kept short.) 
Positive analog power supply. De- 
couple to AGND. Tie to DVcc 
from same power supply. 



ABSOLUTE MAXIMUM RATINGS 

(Notel) 

Supply Voltages (AVcc and DVcc) 6.0V 

Negative Supply Voltage (Vss) -6.0V 

Voltage at Analog 

Inputs Vss-7VtoAVcc + 7V 

Voltage atVREF Vgs - 7V to AVcc + 7V 

Input Current per Digital Pm ± 10mA 

Input Current at Analog Inputs ± 20mA 

Storage Temperature Range -65°Cto +150°C 

Package Dissipation @ 25°C 875mW 

Lead Temperature soldering, 

Dual-ln-Line Package (Ceramic) 300°C 



OPERATING CONDITIONS (Note2) 



Temperature Range 0**C to 70*'C 

Supply Voltage (AVcc and DVcc) 4.5Vdc to 6.0Vdc 

Negative Supply Voltage (Vss) -4.5Vdc to -S.OVqc 

Reference Voltage (Vref) 2.60V 
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ELECTRICAL CHARACTERISTICS 

The following specifications apply for Vcc = +5V ± 5%, Vss = -5V ± 5%, Vref = +4.75V, V|n- 
V||si+ = -4.75V to +4.75V, Ta = Tmin to Tmax unless otherwise specified. 



■ AGND, 



PARAMETER 



NOTES 



CONDITIONS 



MIN 



TYP 
(Note 3) 



MAX 



UNITS 



Converter Characteristics 



■-■ 

Linearity Error 

ML2230BXX 

Ml ??30CXX 

ML2230DXX 


4 


fcCLK = 0.1 < 7MHz 
fcCLK = 0.1 < 7MHz 
fcCLK = 0.1 < 5MHz 






±3/4 
±1 
±1 


LSB 
LSB 
LSB 


Unadjusted Zero Error 
ML2230BXX 
ML2230CXX 
ML2230DXX 


4 








±3/4 

±2 
±2 


LSB 
LSB 
LSB 


Unadjusted Positive and Negative 
Full Scale Error 


5 








±4 


LSB 


Zero Error Temperature Coefficient 








0.5 




ppm/'^C 


Gain Temperature Coefficient 








10 




ppm/°C 


Common-Mode Rejection 


5,6 




80 






dB 


Analog Input Source Resistance 


5 








2 


kO 


Analog Input Range 


4 


V|N+ Refer to V,n- 


-Vref 




+Vref 


V 


Analog Input Leakage Current 


4 








100 


nA 


Voltage Reference Input 
Source Impedance 


5 








0.5 


kQ 


Reference Input Leakage Current 


4 








100 


nA 



Digital and DC Characteristics 



Power Supply Current 
AIco Analog Vcc 
DIco Digital Vcc 
Iss. Vss 


4 






30 
10 
18 


50 
30 


mA 
M 
mA 


Power Supply Rejection 
AVcc 

Vss 


7 


DC 

DC to 25kHz 

DC 

DC to 25kHz 




80 
50 
80 
50 




dB 
dB 
dB 
dB 


V|LCLK/ Clock Input Low Voltage 


4 








0.8 


V 


ViHCLio Clock Input High Voltage 


4 




3.5 




AVcc 


V 


Ili, Input Leakage Current (CLK) 4 


\GND< 


V,N < AVcc 




±200 


M 




V|i^ Input Low Voltage 


4 








0.8 


V 


V|H, Input High Voltage 


4 




2.0 




DVcc 


V 


VoLy Output Low Voltage 


4 


Iql = 2.0mA 






0.45 


V 


VoH/ Output High Voltage 


4 


loH = -400M 


2.4 






V 


II, Input Leakage Current (except CLK) 


4 


AGND < V,N < AVcc 






±10 


M 


Ihi-zt Output Leakage Current (D0-D7) 


4 


RD = CS = V,H 






±10 


M 


C|, Input Capacitance (all digital inputs) 








10 




pF 


Co, Output Capacitance 
(outputs DO to D7, and DAV) 








10 




pF 
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ELEaRICAL CHARACTERISTICS 


(Continued) 






SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 
(Note 3) 


MAX 


UNITS 


AC Electrical Characteristics (Note 8) 


tc 


Conversion Time 


4, 9 


CLK Mode = 


fcLK = 7.0MHz 
fcLK = 5.0MHz 


31.5 
44.0 










Sample and Hold Acquisition 


4, 9 


CLK Mode = 


fcLK = 7.0MHz 
fcLK = 5.0MHz 






2.3 
3.2 


fJS 
fJS 


fcLKO 


Clock Frequency 


5, 9 


Crystal (CLK Mode = 0) 
Driven (CLK = Mode 0) 


3 
1 




7 
7 


MHz 
MHz 


tCLKO 


Clock Width 


5,9 


Driven 

(CLK Mode = 0) 


High 
Low 


50 
50 






ns 
ns 


^CLKI 


Clock Frequency 


5, 10 


Driven (CLk Mode = 1) 


0.5 




(Note 11) 


MHz 


tCLKI 


Clock Width 


5,10 


Driven 

(CLK Mode = 1) 


High 
Low 


125 
125 






ns 
ns 


tAD 


Address Stable to Valid Data 


4 




150 






ns 


tAR 


Address Stable Before Read 


4 











ns 


tRA 


Address Hold After Read 


4 











ns 


tRR 


Read Pulse Width 


5 




150 






ns 


tRD 


Read Access 


4 








150 


ns 


hzr toz 


Data Read to Hi-Z 


4 









50 


ns 


tRV 


Recovery Between Two Reads 
or Writes 


5 




250 






ns 


tRDCK' 


Read to Clock Setup Time 


5, 12 




40 






ns 


Uw 


Address Stable Before Write 


4 











ns 


twA 


Address Hold After Write 


4 











ns 


tww 


Write Pulse Width 


4 




150 






ris 


tow 


Data Setup Before Write Trailing Edge 


4 




100 






ns 


twD 


Data Hold After Write Trailing Edge 


4 











ns 


twRCK 


Write to Clock Setup Time 


5, 12 




40 






ns 


tcKDAV 


Clock to DAV Assert 


4, 13 


Cl = 50pF 




120 


220 


ns 


tsYNCCK 


SYNC Input to Clock Setup 


5, 12 




40 






ns 


tSYNCN 


SYNC Input Width 


5 


(CLK Mode = 0) 
(CLk Mode = 1) 


6 
3 






1/fcLKl 


tCKSYNC 


External Clock to SYNC Output Delay 


5, 13 


Cl = 50pF 




150 


200 


ns 


tsYNCO 


SYNC Output Pulse Width 


5, 13 


(CLK Mode = 0) 
(CLK Mode = 1) 






8 

4 


1/fcLKO 
1/fcLK1 


twRDAV 


Write Reg2 to DAV Rising Edge 


4, 14 


Cl = 50pF 






170 


ns 


tRDDAV 


Read RegO to DAV Rising Edge 


4, 15 


Cl = 50pF 






170 


ns 


tr. tf 


Rise and Fall 




All Inputs 






25 


ns 



Note 1: Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 

specified are measured with respect to ground. 

Note 2: Devices are 100% tested with temperature limits guaranteed by 100% testing, sampling or by correlation with worst-case test conditions. 

Note 3: Typicals are parametric norm at 25''C. 

Note 4: Parameter guaranteed and 100% production tested. 

Note 5: Parameter guaranteed. Parameters not 100% tested are not in outgoing quality level calculation. 

Note 6: Common mode rejection is the ratio of the change in zero error to the change in common mode input range. 

Note 7: Power supply rejection is the ratio of the change in zero error to the change in power supply voltage. 

Note 8: All parameters measured from 0.8V to 2.0V, Cl = lOOpF. 

Note 9: CK1X bit in conti-o! register = 0. 

Note 10: CK1X bit in control register = 1. 

Note 11: Maximum frequency is IAclki (high) + t^LKi Cow) + rise + fall times and < 3.5MHz. 

Note 12: Setup time required for synchronous start of conversion. 

Note 13: In CLK mode = (CK1X bit in control register = 0) start of conversion will occur at specified time; or time plus one f^LKo period (see 

Figure 5). 

Note 14: Writing a control register bit with a one will acknowledge the DAV condition and de-assert DAV output. 

Note 15: In start mode = 1, a read from location "0" will start the next conversion and de-assert the DAV output. 
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TIMING DIAGRAMS 
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Figure 1. Read Cycle 
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Figure 2. Write Cycle 
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Figure 4. SYNC Output 
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TIMING DIAGRAMS (Continued) 



START OF CONVERSION 
(NOTE 2) 



CLK 
(NOTE 1) 



SYNC IN 
(START MODE 3) 

(M/S = 0) . 



/ 



WR 
(START MODE 0) 



RD 
(START MODE 1) 



\ f 



f 



\ 



START OF CONVERSION 
(NOTE 3) 

\t 



-tSYNCN- 



TO 



^ / V. 



\ 



NOTES: 

1. CLK IS THE CLOCK DRIVEN AT THE CLOCK PIN. 

2. IN CLK MODE 1, WILL ALWAYS OCCUR AT TO IF SETUP TIMES ARE MET. 

3. IN CLOCK MODE 0, WILL OCCUR EITHER AT TO OR T1 IF SETUP TIMES ARE MET. 



Figure 5. Start of Conversion (Start Mode 0,1 ,3) 
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Figure 6. Block Schematic Diagram 
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FUNCTIONAL DESCRIPTION 



ALGORITHMIC A/D CONVERTER 

Micro Linear's algorithmic converter uses a successive 
approximation technique. Most of today's successive 
approximation converters use a DAC to feedback the ap- 
proximated signal, however this technique requires more 
circuitry than algorithmic converters. In addition the val- 
ues of all of the resistors or capacitors in the DAC must be 
matched to within the accuracy of the converter. This is 
difficult to do in silicon beyond 1 bits unless trimming is 
used. An algorithmic converter uses less circuitry and is 
more easily trimmed. Micro Linear's algorithmic converter 
is implemented using a 2x amplifier, a sample/hold amp, 
and a comparator as shown in Figure 7. 

The input sample is first multiplied by two then compared 
to the reference voltage. If the 2x input voltage is greater 
than the reference, the MSB is a 1 and the reference volt- 
age is subtracted from the 2x input voltage. The remainder 
is stored in the sample and hold. If the 2x input voltage is 
less than the reference, the MSB is a and the 2x input 
voltage is stored In the sample and hold. This process re- 
peats again, however now the sample and hold voltage is 
multiplied by 2. 

The algorithm involves multiplication by 2, comparison, 
and possibly subtraction. Referring to Figure 6, the 
algorithm for the circuit can be described as follows: 

Step 1 If (2 X v,n) - Vref > 
then MSB = 1 

(2 X v,n) - Vref-S/H 
else MSB = 

(2 X V,n)-S/H 

Step 2 If (2 X S/H) - Vref ^ 
then next bit = 1 

(2 X S/H) - Vref-*S/H 
else next bit = 

(2 X S/H)-*S/H 

Step 3 Repeat Step 2 until conversion complete. 

Since the A/D converter handles bipolar inputs, 
negative inputs are handled slightly differently using the 
same principle. 
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Figure 7. Self Calibrating A/D Converter 

SELF CALIBRATION 

In order to maintain integral and differential linearity to 
the 1/2 LSB level in an algorithmic converter, two critical 
parameters need to be controlled, loop offsets and the 
gain of the loop. Loop offsets are automatically nulled be- 
fore each conversion using auto-zeroing circuitry on both 
the sampling amp and the 2x amp. The gain of the loop is 
adjusted using self calibration. 

Self calibrating the algorithmic converter, once the offsets 
have been nulled, is performed by measuring the 2x gain 
of the loop and adjusting it. The gain can be measured by 
converting the reference voltage as the input as well as the 
reference (Vref/Vref)/ and examining the output code. 
Converting Vref should yield plus full scale, since Vref/ 
Vref should equal 1 . If the gain of the loop is slightly less 
than 2, the resulting LSB of the conversion will be "0". If 
the magnitude bits of the resulting conversion are all "1s", 
the gain may be too great, therefore the gain is reduced to 
the point where the threshold of the LSB is reached. 

Adjustment of the 2x gain is done with the binary 
weighted trim capacitor arrays connected to each of the 
2C input capacitors. A small value of capacitance is either 
added to or subtracted from the 2C input caps until the 
gain of the loop is within 13 bitaccuracy of 2. 
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FUNCTIONAL DESCRIPTION (Continued) 



CONVERSION TIMES 

The following table lists the conversion times which in- 
clude the sample and hold acquisition time. For a CALRD 
and CALWR no A/D conversion actually takes place. 



OPERATION 


# OF INTERNAL CLOCKS 


8 bit A/D 


80 


1 3 bit A/D 


110 


CALWR 


52 


CALRD 


80 



SAMPLE AND HOLD TIMING 

Figure 8 shows the internal timing for the sample and hold 
circuitry. The relationship between the "Start of Conver- 
sion" and the input channel going into sample mode is 
fixed at 6 internal clocks*, regardless of the Start Mode. Six 
internal clocks after the Start of Conversion the Sample 
and Hold is switched into the sample mode, placing two 
9pF capacitors in parallel with the inputs pins; one on 
V||si -I- and one on V|n - • The sample switch is kept in the 
sample mode for 8 internal clocks (2.3jtts at a 7MHz ex- 
ternal clock), then placed in the hold mode. During the 
next 2 internal clocks the charge on the sample and hold is 
transferred into the A/D, after which the Vref P'i^ 's sam- 
pled for 8 internal clocks. 

Figure 8 also illustrates the timing ofthe SYNC pin in Mas- 
ter Mode during a conversion (M/S= 1 Control High Byte 
register) and Start Mode 0, 1 , or 2. SYNC is activated one 
internal clock cycle after the Start of Conversion and lasts 
for four internal clocks. 

*For a description of internal clocks see Clock section. 



ANALOG INPUTS 

DIFFERENTIAL INPUTS AND COMMON MODE 
REJECTION 

The differential inputs ofthe ML2230 eliminate the effects 
of common mode input noise (60Hz for example), as 
V|N + and V||si - are sampled at the same time. 

NOISE 

The leads to the analog inputs should be kept as short as 
possible to minimize output noise. Noise as well as digital 
clocks can couple into the inputs and cause errors. Input 
filters can be used to reduce the effects of these sources. 

POWER SUPPLY DECOUPLING 

Low inductance tantalum capacitors of l/^F or greater 
and O.OIjLtF disc ceramic capacitors are recommended for 
bypassing AVcc as well as Vss to AGND. These capacitors 
should be placed close to the AVcc ^^^ Vss P'ns. 

MICROPROCESSOR INTERFACE 

There are four 8 bit directly addressable registers; two 
Data Buffer registers, and two Control registers. The data 
buffer registers provide the conversion results. The data 
registers are double buffered, allowing one result to be 
read while the next sample is being converted. The data 
registers also allow access to the algorithmic converter's 
calibration code. Normally the ML2230 is operated with- 
out ever accessing these registers. (Refer to Diagnositcs for 
more information). The two Control registers provide com- 
plete control and status information. The four registers are 
addressed by pins AO and A1 . 
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Figure 8. Sample and Hold Timing 
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FUNCTIONAL DESCRIPTION (Continued) 



All data is returned from the converter in sixteen bit two's 
complement format, right hand justified, with the sign bit 
extended across the most significant bits. 



Cycle 


+ Max 


-Min 


Zero 


13 


OFFF 


FOOO 


0000 


8 


007F 


FF80 


0000 



REGISTER DESCRIPTION 

Register 0— Data Buffer Low Byte: 

Register contains the low byte result of the latest conver- 
sion when read. Depending on the Start Mode selected, 
reading or writing to this register may start the next 
conversion. 

Register 1— Data Buffer High Byte; 

Register 1 contains the high byte result of the latest conver- 
sion when read. 

Register 2— CONTROL Register Low Byte: 

Bit (DAV status when READ/DAVACK acknowledge 
when a ONE is written): 

Reading DAV= 1 indicates that new data is available or a 
calibration is complete. If both data bytes have been read, 
DAV will be cleared automatically. This bit can be explic- 
itly acknowledged by w riting a ONE to it; writing a zero 
has no effect. The DAV output pin always reflects the 
DAV status bit. 



Bit 1 (BUSY status when READ/RESET when a ONE is 
written): 

Reading BUSY=1 indicates that a conversion or calibra- 
tion is in progress. Writing a ONE will force a chip reset. 
Writing a zero has no effect. 

RESET Default Conditions: 

Both Control registers will automatically be cleared. Both 
Data Buffer registers will be unchanged. The Calibration 
register is not cleared after a reset, however the ADRDY 
bit is cleared. Since the DAV status bit is cleared, the DAVB 
output is inactivated (high). The SYNC pin is forced to be 
an input as a result of clearing the M/S bit in the Control 
hiigh Byte register. 

Bit 2 (ADRDY status when READ/DOCAL request when a 
ONE is written): 

ReadingADRDY = indicates thatthe converter has not 
been calibrated since the last reset, and ADRDY =1 in- 
dicates that it has been calibrated since the last reset. Writ- 
ing a ONE will force the converter to do a calibration; writ- 
ing a zero has no effect. 

Bit 3 (SC: Short cycle select): 
Selects 8 or 1 3 bit conversions. 

SC = 0: 13-bit conversion (default) 
SC = 1 : 8-bit conversion (short cycle) 



DATA BUFFER LOWBYTE D7 



DATA BUFFER HIGHBYTE D15 D14 D13 D12 D11 D10 



CONTROL LOWBYTE 



SC ADRDY BUSY DAV 



00: START IF REGO IS WRITTEN 

01: START IF REGO/1 IS READ 

10: CONTINUOUS CONVERSIONS 

AFTER REG IS WRITTEN 

11: START IF SYNC GOES HIGH 

SHORTCYCLE = 13-BIT, 1 = 8-BIT 

CHIP CALIBRATED STATUS 

CON V BUSY STATUS 

DAV STATUS 



CONTROL HIGHBYTE 



(DMA L/H CKIX M/S 



UNUSED 
BIT 




START CONVERSION 
IFSMDE = 0OR2 



WRITING 1 
ACKNOWLEDGE DAV 



WRITING 1 RESETS THE CHIP 
WRITING 1 REQUEST A CAUBRATION 
' — SHORT CYCLE 
START MODES 



I— TEST MODE 



I I DMA I L/H I CKIX I M/S | 0~ 



TT, 



NORMAL A/D CONVERSION 



— 0: SLAVE MODE, SYNC IS AN INPUT (DEFAULT) 
1 : MASTER MODE, SYNC IS AN OUTPUT 



— 0: fcLK = DIVIDED BY 2 INTERNALLY (DEFAULT) MAXIMUM INPUT CLOCK FREQUENCY IS 8MHz 
: fcLK = 1 MAXIMUM INPUT CLOCK FREQUENCY IS 4 MHz 

—0: HIGH BYTE IS READ FIRST THEN LOW BYTE 
1—1: LOW BYTE IS READ FIRST THEN HIGH BYTE 

0: NON DMA MODE. REGOO HAS LOW BYTE, REG01 HAS HIGH BYTE (DEFAULT) 
I— 1 : DMA MODE. READ REGOO TWICE TO GET BOTH BYTES 



Figure 9. Register Description 
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10 



11 



Note: For 8-bit conversions in non-DMA mode, only one 
byte needs to be read. This can be accomplished by set- 
ting L/H = 0, DMA = and reading the Data Low Byte 
register. In DMA mode both bytes need to be read. 

Bits 4,5 (SMDE: Start Mode): 
Defines Start Conversion mode. 

Bits 5,4 

00 Start Conversion upon writing to register 
(default) 

01 Start Conversion upon reading register if 
L/H =0, or Start Conversion upon reading reg- 
ister 1 if L/H = 1 . In DMA mode both bytes 
need to be read. The second byte read will 
Start Conversion. 

Start Continuous Conversions upon writing to 
register 0. 

Start on external SYNC input going high (Re- 
quires Slave mode: M/S = 0) 

Bits 7,6 (reserved): 

These bits are reserved by Micro Linear and must be writ- 
ten as zero. 

Registers (Control Register High Byte): 

Bits 2,1,0 (TMDE: test mode select bits) 

These bits are used for diagnostic purposes only and nor- 
mally not accessed during operation. The default value of 
TMDE is 000 which selects a normal A/D conversion. See 
Diagnostics for more information. 

TMDE 

000 
001 
010 

oil 

100 
101 
110 

111 



Description 

Normal A/D Conversion 

Reserved by Micro Linear (Do Not Use) 

CALWR Operation 

CALRD Operation 

System Offset 

Common-mode 

Plus Full Scale 

Minus Full Scale 



Bit 3 (M/S: Master/Slave bit): 

Dictates whether the SYNC pin is an input or an output. 
Upon RESET, this bit is cleared. 

M/S = 0: Slave Mode SYNC Is an input which is used 

to trigger a conversion if 
SMDE = 11. 

M/S = 1 : Master Mode SYNC is an output. At the begin- 
ning of every conversion, SYNC 
is high for 4 internal clocks. 

Bit4(CKlX: clock select bit): 

Selects whether the external clock will be divided by two 
or used directly as the internal clock. See Clock section for 
a detailed explanation. 

CK1X=0: the external clock is divided by 

two and used as the internal 
clock. This is referred to as CLK 
Mode = 0. 



CK1 X = 1 : the external clock input is used 

directly as the internal clock. 
This is referred to as CLK 
Mode=1. 

Bit 5 (L/H: Low Byte/High Byte): 

In non-DMA mode the L/H bit defines whether DAVB is 
deactivated by reading the Data Low Byte or Data High 
Byte. In DMA mode, the L/H bit defines the order in which 
the Low/High Data Bytes are presented to the data bus. 
DMA mode automatically deactivates DAVB after both 
bytes are read. 

* non-DMA mode: DMA = 

L/H = 0: 

L/H = 1 : 



reading register (Low Byte) 
will de-assert DAVB 
reading register 1 (High Byte) 
will de-assert DAVB 



♦DMA mode: DMA =1 
L/H=0: 



L/H = 1: 



the first read is the Data High 
Byte, and the second read is the 
Data Low Byte, then DAVB out- 
put is de-asserted 

the first read is the Data Low 
Byte, and the second read is the 
Data High Byte, then DAVB out- 
put is de-asserted 

Bit 6 (DMA: DMA mode bit): 

This bit allows both high and low bytes from the 1 3 bit 
conversion to be read from one address; either Data Buffer 
Low Byte or Data Buffer High Byte registers. 

DMA = 0: The high byte of the conversion 

will always be read from the 
Data Buffer High Byte register 
and the low byte of the conver- 
sion will always be read from 
the Data Buffer Low Byte 
Register. 

DMA = 1 : Both high and low bytes of the 

conversion can be read from ei- 
ther the Data Buffer High or 
Low Byte Registers. A DMA 
controller, microprocessor, or 
other I/O device can use a sin- 
gle I/O address to read both the 
low and high bytes of the con- 
version. The order in which the 
high and low data bytes are pre- 
sented is defined by the L/H 
control bit. 

Note: This feature is not restricted to DMA controllers. It is 
an I/O option which may be used by a DMA controller, 
microprocessor, or any other type of I/O device. 

Bit 7 (Reserved by Micro Linear) 

This bit is not used. When written use zero. 
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FUNCTIONAL DESCRIPTION (Continued) 



GENERAL OPERATING INFORMATION 

CONVERSION-START PROTOCOL 

There are four different ways to start a conversion. They 
are defined by SMDE bits 4 and 5 in the Control Low Byte 
Register. 

SMDE 
Bits 5,4 

00: A write to register will start a conversion. During 
a conversion, if another write is issued to register 
0, the "Start Conversion" command will be 
latched and another conversion will immediately 
follow the current one. To insure that the second 
write will be latched, it must occur at least 3 in- 
ternal clocks after the first write. Only one addi- 
tional write will be latched; multiple writes within 
a conversion will only yield one more conversion. 

01 : Reading the data from the previous conversion 
starts the next conversion. Start Conversion upon 
reading register if L/H = 0, or Start Conversion 
upon reading register 1 if L/H = 1 . In DMA mode 
both bytes need to be read. The second byte read 
will Start the Conversion. 

1 0: This mode causes continuous conversions; the 
next conversion begins immediately after the 
previous conversion ends. Writing to register 
will start the first conversion; thereafter the con- 
verter runs continuously. This mode yields the 
maximum conversion rate. 

1 1 : The Sync input triggers the start of a conversion. 
The M/S bit in the Control High Byte Register must 
be cleared, placing the chip in the slave mode. 



Note: The external activation signals for Start Modes 0, 1 , 
and 3 are synchronized internally to the system clock. If 
periodic samp ling is required using these Start Modes, the 
SYNC, RD, or WR pulses must be synchronized to the sys- 
tem clock. Start Mode 2 guarantees periodic sampling. 

DOUBLE-BUFFERED DATA REGISTER 

The A/D conversion result is double-buffered using the 
Data Buffer registers and the A/D Data register. The actual 
End-Of-Conversion (EOC) does not correspond with the 
DAVB output going low. The DAVB output goes low 16 in- 
ternal clocks after the EOC. From the time DAVB output 
goes LOW, the user has one full conversion time (80 or 
110 internal clocks) minus 16 internal clocks to read two 
data bytes as shown in Figure 10. 

SELF CALIBRATION 

Setting the DOCAL bit issues a calibration request to the 
chip. When calibration is done, the DAV status bit is set 
and the DAVB output goes low. 

A calibration requires 8,260 internal clocks. Using a 7MHz 
clock (CLK Mode = 0), this is approximately 2 ms. Power 
supplies and external voltage reference must be 
stable before issuing a request for calibration. 

The ML2230 should be calibrated before any conversions 
are attempted. Calibrations must not be performed si- 
multaneously with conversions. Before requesting a cali- 
bration, the user may want to read the Busy status bit to 
make sure that the converter is idle. Polling the chip while 
the calibration is in progress is not recommended. 



START OF CONVERSION 2 START OF CONVERSION 3 
START OF CONVERSION 1 END OF CONVERSION 1 END OF CONVERSION 2 



- CONVERSION 1- 



- CONVERSION 2 *■ 



DATA 1 AVAILABLE 



- CONVERSION 3 - 



DATA 2 AVAILABLE 



Figure 10 
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FUNCTIONAL DESCRIPTION (Continued) 



CLOCK 

The ML2230 has the option of dividing the clock at the 
CLK pin by 2, or using it directly to drive the internal logic. 
This option is selected through the CKl X bit in the Control 
register. When CKl X = the clock is divided by 2. This is 
referred to as CLK Mode = 0. The clock at the CLK pin is re- 
ferred to as the External clock, and the Internal Clock is 
the External clock divided by 2. When CK1X =1, the clock 
at the CLK pin drives the internal logic directly, therefore 
this clock is referred to as the Internal clock. This is also 
known as CLK Mode== 1 . All internally clocked logic is 
positive edge triggered. 

CLK Mode = 0: 

There are two advantages to CLK Mode 0. This is the only 
Mode that allows an external crystal to be used. CLK Mode 
1 cannot operate with an external crystal, the CLK pin 
must be driven. The second advantage of CLK Mode is 
that the duty cycle for a driven clock is less stringent than 
in CLK Mode 1 . (Refer to tcLKO and tcLKi '^ AC Electrical 
Characteristics for CLK Mode and 1 timing requirements, 
respectively.) 

On power up the state of the divide by two flip-flop is in- 
determinate. Therefore the relationship between the in- 
ternal clock and the externa! clock at the CLK pin can have 
one of two possibilities as shown in Figure 1 1 . As a result 
the following should be considered. 



%RCK/ tRDCK/ and tsYNCCK specs, (RD, WR, and SYNC set- 
up times to Start of Conversion), will be as shown in the 
data sheet, or the data sheet specs plus one external clock 
period. Since these specifications are with respect to the 
rising edge of the external clock, it is not known whether 
this rising edge corresponds to the rising edge or falling 
edge of the internal clock. Therefore there is an uncer- 
tainty of one external clock period. 

If periodic sampling is necessary and Start Mod e 0,1, or 3 
is used, the external start pulse (either RD, WR, or SYNC) 
must be synchronous to the external clock, meet the setup 
time, and be an even number of external clock periods. If 
the start pulse were an odd number of external clock peri- 
ods, half the pulses would correspond with the rising edge 
of the internal clock, and the other half would correspond 
with the falling edge of the internal clock. Therefore the 
sampling period would change by one external clock 
period every sample. Start Mode 2 guarantees periodic 
sampling regardless of the CLK mode, 

CLK Mode =1: 

This mode eliminates the requirement that external start 
pulses must be an even number of external clock periods. 
However periodic sampling still requires that the start 
pulse be synchronous to the external clock, and the setup 
time must be met. CLK Mode 1 also eliminates the un- 
certainty of the twRCK. tRDCK/ and tsYNCCK requirements. 



EXTERNAL 
CLOCK 
(CLK MODE 



i^^^n^^^ 







INTERNAL 




CLOCK* 









*INTERNAL CLOCK MAY BE ONE OF THE TWO ABOVE IN CLK MODE = 



Figure 11 
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DIAGNOSTICS 

Diagnostic routines may be run after power up or any 
other time to ensure proper operation. The diagnostic fea- 
tures, which are software selectable, don't require ex- 
ternal hardware. Both the analog and digital sections can 
be tested. 

The ML2230 is placed in the diagnostic mode via the 
TMDE field in the Control High Byte Register. Once the 
ML2230 is placed in one of the diagnostic modes, a con- 
version must be executed before the results can be read. 
As with all conversions, DAVB will be activated upon 
completion. 

ANALOG CONVERSION DIAGNOSTICS 

TMDE = 000: Normal Operation 

Selects normal A/D conversion. Default condition after a 

software reset. 

TMDE = 001: Reserved by Micro Linear. 

TMDE = 01 0: CALWR operation 
The data in Write register and 1 (CALCODE Holding 
Register), are transferred into the converter's Calibration 
register when a "Start Conversion" is issued. A dummy 
conversion occurs and the DAVB output goes LOW to in- 
dicate that the operation is complete. 

TMDE = 011: CALRD operation 
The contents of the Calibration register are transferred 
through the A/D Data register and loaded into the Data 
Buffer registers. A dummy 8-bit conversion occurs and 
DAVB output goes LOW to indicate that the CALRD 
operation is complete. 



TMDE = 1 00: System Offset 

The positive and negative inputs to the Sample and Hold 
are tied to analog ground. With this setting, converted 
data will give the offset of the A/D converter and Sample/ 
Hold combination. The Vim + and V|n - pins will remain 
in a high impedance state while in this mode. 

TMDE = 101 : Common-mode 

Both the positive and negative inputs of the Sample and 
Hold are tied to Vref- The results of a conversion in this 
test mode indicates how well the converter is rejecting a 
common mode signal. 

TMDE= 1 10: Positive Full Scale 

This test mode connects the positive input of the Sample 
and Hold to Vref ^^^ the negative input of the Sample and 
Hold to analog ground. The result of converting in this test 
mode is a value near positive full scale. 

TMDE = 1 1 1 : Negative Full Scale 
This test mode connects the positive input of the Sample 
and Hold to analog ground and the negative input to Vref- 
The result of converting in this test mode is a value near 
negative full scale. 

DIGITAL LOOPBACK 

The ML2230's architecture provides a way for the micro- 
processor to indirectly read and write to the A/D 
converter's calibration register and data register via a 
CALRD and CALWR. Figure 12 illustrates this architecture. 
This in effect allows a digital loopback. 



A/D CONVERTER 



Al AO WR RD CS 7 



10 CALCODE HOLDING LOW BYTE 



10 10 



CALCODE HOLDING HIGH BYTE 

1 



3^ 



CALIBRATION 



Al AO WR RD CS 7 



TEMPORARY REGISTER 



1 10 DATA BUFFER HIGH BYTE 



±e: 



00100 DATA BUFFER LOW BYTE 



I 



s: 



I 



Figure 12. Digital Loopback 
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When the TMDE bits are set to 01 CAL WRITE (CALWR), 
and a Start Conversion is issued in any one of the four 
modes, the contents of the CALCODE Holding Low Byte 
and High Byte registers are transferred into the A/D con- 
verter's Calibration register. When the TMDE bits are set to 
01 1 CAL READ (CALRD), and a Start Conversion is issued, 
the contents of the Calibration register are transferred 
through the A/D's Data register into the Data Buffer Lov^ 
Byte and Data Buffer High Byte registers. The result of 
these two operations is a complete loopback from the 
CALCODE Holding registers through the A/D converter 
and back into the Data buffer registers. This loopback pro- 
vides user assurance that all the paths are clear and there 
are no stuck bits. 

Note: When a CALWR is done, the previous calibration 
value is lost. The correct calibration value must be re- 
stored before the converter is used to convert data. 

CALIBRATION PASS/FAIL TEST 

The CALRD can be used as a way to verify a successful 
calibration. After a calibration is completed, the CALRD 
may be issued in order to read the contents of the Calibra- 
tion register. If the Low Byte of the data buffer register is all 
ones after executing a CALRD, the calibration failed; 
otherwise the calibration is successful. 
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RD 

Wr 



<r 



ADDRESS 
DECODE 



n 



WR 

ML2230 

CS 

DAV 

V|N + 

V|N- 

SYNC CLK 



+ 5V 
AVccI 



DVcc 



vss 

< 5V 

Vref + 
4 + 2.5V EXTERNAL 

AGND REFERENCE 



dgnd I 



ANALOG 
INPUT 



1 

T 



Figure 1 3. Interfacing to 8048 Microcontroller 




Figure 14. Interfacing to 6800 Microprocessor 
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ORDERING INFORMATION 



PART NUMBER 


LINEARITY 
ERROR 


MINIMUM 
CONVERSION 


TEMPERATURE 
RANGE 


PACKAGE 


Ml 7730BCJ 
ML2230CCJ 
ML2230DCJ 


±3/4 LSB 
±1 LSB 
+1 LSB 


31.5//S 
31.5//S 
44.0//S 


0°C to +70°C 
0°C to +70°C 
0°C to +70°C 


Hermetic DIP 
Hermetic DIP 
Hermetic DIP 
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PRELIMINARY 

ML2233 



/^P Compatible 12-Bit Plus Sign A/D Converter 

with Sample and Hold 



GENERAL DESCRIPTION 

The ML2233 is a member of Micro Linear's 1 2-bit plus sign 
CMOS A/D converter family utilizing a self calibrating 
algorithmic technique. The sample-and-hold, incorpo- 
rated on the ML2233, has a differential input for noise 
immunity and power supply rejection. All errors of the 
sample-and-hold are accounted for in the analog-to-digital 
converter's accuracy specification. 

The ML2233B has a maximum non-linearity error over 
temperature of 0.018% of full-scale, and the ML2233C 
and ML2233D have a maximum non-linearity error over 
temperature of 0.024% of full scale. 

Designed to Interface to a 16-bit microprocessor bus with- 
out additional components, the ML2233 outputs the 1 3-bit 
data result in one word. Data format Is 2's complement. 
All digital signals are fully TTL and CMOS compatible. 

For interfacing to an 8-blt microprocessor bus the ML2230 
provides a 1 3-bit data result in two 8-bit bytes. 



FEATURES 

■ Resolution 12-bits + sign 

■ Conversion time 

(including S/H acquisition) 31 .5fis max 

■ Sample and hold acquisition 23fis max 

■ Non-linearity error i^ALSB and +1LSB max 

■ Low harmonic distortion 0.01 % 

■ No missing codes 

■ Self calibrating— maintains accuracy over time and 
temperature 

■ Inputs withstand |7V| beyond supplies 

■ Data transfer options— interrupt, DMA, or polling 

■ 1 3-bit result for 1 6-bit bus interface 

■ Standard 28-pin DIP 



BLOCK DIAGRAM 



PIN CONNECTIONS 



DVcc DGND 



V|N+< 

V|N- < 



12-BIT + SIGN A/D 
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SAMPLE AND HOLD FUNCTION 



4 



:2^ 
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PIN DESCRIPTION 

PIN NO. NAME 



FUNCTION 



1 AGND 

2 V,N + 

3 V,N- 



4 


Vref 


5 


Vss 


6 


DAV 



SYNC 



8 


DO 


9 


D1 


10 


D2 


11 


D3 


12 


D4 


13 


D5 


14 


D6 


15 


DVcc 



Analog ground. 

Positive differential analog input; 

range = Vss :^V|N+ ^AVco 

I(v,n+)-(v,n-)I^Vref. 

Negative differential analog input; 
range = Vss^ViN- <AVco 
I(Vin + )-(V,n-)I^Vref. 
Voltage reference input; referenced 
to analog ground. 

Negative power supply; decouple to 
AGND. 

Data available; indicates a conver- 
sion has completed and data is avail- 
able or calibration completed. 
In the slave mode, SYNC is a positive 
edge triggered input used to start 
aconversion. in master mode, SYNC 
is an output and indicates conversion 
start. 

Bidirectional data bit. 
Bidirectional data bit. 
Bidirectional data bit. 
Bidirectional data bit. 
Bidirectional data bit. 
Bidirectional data bit. 
Bidirectional data bit. 
Digital power supply. 



PIN NO. NAME 



24 



25 



26 



27 



28 



FUNCTION 



16 


D7 


17 


D8 


18 


D9 


19 


D10 


20 


DGND 


21 


D11 


22 


D12 


23 


AO 



cs 



RD 



WR 



CLK 



AVcc 



Bidirectional data bit. 
Bidirectional data bit. 
Bidirectional data bit. 
Bidirectional data bit. 
Digital ground. 
Bidirectional data bit. 
Bidirectional data bit. 
Address for the microprocessor inter- 
face to access registers. 
Chip select; enables writing to or 
reading from. 

Read; enables ML2233 to drive data 
bus. 

Write; allows writing mto the 
registers. 

Clock input. Driven with an exter- 
nal clock or crystal referenced to 
DGND. The crystal must be parallel 
resonant with minimum capacitive 
loading, (i.e., no bypass caps should 
be used and leads should be kept 
short.) 

Positive analog power supply. 
Decouple to AGND. Tie to 
DVcc from same 
power supply. 



ABSOLUTE MAXIMUM RATINGS 

(Notel) 

Supply Voltages (AVcc and DVcc) 6.0V 

Negative Supply Voltage (Vss) - 6.0V 

Voltage at Analog 

Inputs Vss-7VtoAVcc + 7V 

Voltage at Vref Vss- 7V to AVcc + 7V 

Input Current per Digital Pin ±1 OmA 

Input Current at Analog Inputs ±20mA 

Storage Temperature Range -65°Cto +150°C 

Package Dissipation @ 25°C 875mW 

Lead Temperature (soldering, 10 seconds) 

Dual-ln-Line Package (Ceramic) 300°C 



OPERATING CONDITIONS (Note 2) 



Temperature Range 0*'C to 70°C 

Supply Voltage (AVcc and DVcc) 4.5Vdc to 6.0Vdc 

Negative Supply Voltage (Vss) -4-5Vdc to -6.0Vdc 

Reference Voltage (Vref) 2.60V 
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ELECTRICAL CHARACTERISTICS 

The following specifications apply for AVcc = DVcc = 5V ± 5%, Vss = -5V ± 5%, Vref = 2.500V, V|n- = AGND, 
V|N+ = -2.5V to +2.5V, Ta = Tmin to Tmax unless otherwise specified. 



PARAMETER 



NOTES 



CONDITIONS 



MIN 



TVP 
(Note 3) 



MAX 



UNITS 



Converter Characteristics 



Linearity Error 
ML2233BCJ 
ML2233CCJ 
ML2233DCJ 


4 


fcCLK = 0.1 < 7MHz 
fccLK = 0.1 < 7MHz 
fcCLK = 0.1 < 5MHz 






±3/4 
±1 
±1 


LSB 
LSB 
LSB 


Unadjusted Zero Error 
ML2233BCJ 
ML2233CCJ 
ML2233DCJ 


4 








±3/4 
±2 

±2 


LSB 
LSB 
LSB 


Unadjusted Positive and Negative 
Full Scale Error 


5 








±4 


LSB 


Zero Error Temperature Coefficient 








0.5 




ppm/^C 


Gain Temperature Coefficient 








10 




ppm/«C 


Common-Mode Rejection 


5, 6 




80 






dB 


Analog Input Source Resistance 


5 








2 


kO 


Analog Input Range 


4 


V|N+ Referred to Vin- 


-Vref 




-^Vref 


V 


Analog Input Leakage Current 


4 








100 


nA 


Voltage Reference Input 
Source Impedance 


5 








0.5 


kQ 


Reference Input Leakage Current 


4 








100 


nA 



Digital and DC Characteristics 



Power Supply Current 
AIco Analog Vcc 
DIco Digital Vcc 
Iss. Vss , 


4 






30 
10 
18 


50 
30 


mA 
M 
mA 


Power Supply Rejection 
AVcc 

Vss 


7 


DC 

DC to 25kHz 

DC 

DC to 25kHz 




80 
50 
80 
50 




dB 
dB 
dB 
dB 


ViLCLK/ Clock Input Low Voltage 


4 








0.8 


V 


ViHCLK/ Clock Input High Voltage 


4 




3.5 




AVcc 


V 


Ili, Input Leakage Current (CLK) 


4 


AGND < V,N < AVcc 






±200 


M 


V|L, Input Low Voltage 


4 








0.8 


V 


V|H, Input High Voltage 


4 




2.0 




DVcc 


V 


Voiy Output Low Voltage 


4 


loL = 2.0mA 






0.45 


V 


VoH/ Output High Voltage 


4 


loH = -400M 


2.4 






V 


II, Input Leakage Current (except CLK) 


4 


AGND < V,N < AVcc 






±10 


M 


Ihi-z, Output Leakage Current (D0-D12) 


4 


RD = CS = V|H 






±10 


M 


C|, Input Capacitance (all digital inputs) 








10 




pF 


Cq, Output Capacitance 

(outputs DO to D12, SYNC and DAV) 








10 




pF 
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ELECTRICAL CHARACTERISTICS (Continued) 


SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 
(Note 3) 


MAX 


UNITS 


AC Electrical Characteristics (Note 8) 


tc 


Conversion Time 


4,9 


CLK Mode = 


fcLK = 7.0MHz 
fcLK = 5.0MHz 


31.5 
44.0 






/WS 
fJS 




Sample and Hold Acquisition 


4, 9 


CLK Mode = 


fcLK = ZOMHz 
fcLK = 5.0MHz 






2.3 
3.2 


fJS 
fJS 


fcLKO 


Clock Frequency 


5, 9 


CLK Mode = 


Crystal 
Driven 


3 
1 




7 
7 


MHz 
MHz 


tCLKO 


Clock Width 


5, 9 


Driven 

(CLK Mode = 0) 


High 
Low 


50 
50 






ns 
ns 


^CLKI 


Clock Frequency 


5, 10 


Driven (CLK Mode 


= 1) 


0.5 




(Note 11) 


MHz 


tCLKI 


Clock Width 


5, 10 


Driven 

(CLK Mode = 1) 


High 
Low 


125 
125 






ns 
ns 


tAD 


Address Stable to Valid Data 


4 




150 






ns 


tAR 


Address Stable Before Read 


4 











ns 


tRA 


Address Hold After Read 


4 











ns 


tRR 


Read Pulse Width 


4 




150 






ns 


tRD 


Read Access 


4 








150 


ns 


hzf toz 


Data Read to Hi-Z 


4 









50 


ns 


tRV 


Recovery Between Two Reads 
or Writes 


5 




250 






ns 


tRDCK 


Read to Clock Setup Time 


5, 12 




40 






ns 


Uw 


Address Stable Before Write 


4 











ns 


twA 


Address Hold After Write 


4 











ns 


tww 


Write Pulse Width 


4 




150 






ns 


tow 


Data Setup Before Write Trailing Edge 


4 




100 






ns 


twD 


Data Hold After Write Trailing Edge 


4 











ns 


twRCK 


Write to Clock Setup Time 


5, 12 




40 






ns 


tCKDAV 


Clock to DAV Assert 


4, 13 


Cl = 50pF 




120 


220 


ns 


tSYNCCK 


SYNC Input to Clock Setup 


5, 12 




40 






ns 


tSYNCN 


SYNC Input Width 


5 


(CLK Mode = 0) 
(CLK Mode = 1) 


6 
3 






1/fcLKO 

I/^'CLKI 


tCKSYNC 


External Clock to SYNC Output Delay 


5, 13 


Cl = 50pF 




150 


200 


ns 


tsYNCO 


SYNC Output Pulse Width 


5, 13 


(CLK Mode = 0) 
(CLK Mode = 1) 






8 

4 


1/fcLKO 
1/fcLK1 


twRDAV 


Write Reg2 to DAV Rising Edge 


4, 14 


Cl = 50pF 






170 


ns 


tRDDAV 


Read RegO to DAV Rising Edge 


4, 15 


Cl = 50pF 






170 


ns 


tr, tf 


Rise and Fall 




All Inputs 






25 


ns 



Note 1: Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 

specified are measured with respect to ground. 

Note 2: Devices are 100% tested with temperature limits guaranteed by 100% testing, sampling or by correlation with worst-case test conditions. 

Note 3: Typicals are parametric norm at 25°C. 

Note 4: Parameter guaranteed and 100% production tested. 

Note 5: Parameter guaranteed. Parameters not 100% tested are not in outgoing quality level calculation. 

Note 6: Common mode rejection is the ratio of the change in zero error to the change in common mode input range. 

Note 7: Power supply rejection is the ratio of the change in zero error to the change in power supply voltage. 

Note 8: All parameters measured from 0.8V to 2.0V, Cl = 100pF. 

Note 9: CK1X bit in control register = 0. 

Note 10: CK1X bit in control register = 1. 

Note 11: Maximum frequency is 1/tcLKi (high) + t^LKi Cow) + rise + fall times and < 3.5MHz. 

Note 12: Setup time required for synchronous start of conversion. 

Note 13: In CLK mode = (CK1X bit in control register = 0) start of conversion will occur at specified time; or time plus one f^LKO period (see 

Figure 5). 

Note 14: Writing a control register bit with a one will acknowledge the DAV condition and de-assert DAV output. 

Note 15: In start mode = 1, a read from location "0" will start the next conversion and de-assert the DAV output. 
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TIMING DIAGRAMS 
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WR 



CLK, MODE = 1 
CLK, MODE = 



CLK, MODE = 1 
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Figure 1. Read Cycle 



:x 



J 



1 



-tow- 



\ 



K 



X 
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Figure 2. Write Cycle 

/ 



\ 



f V 



J V. 



\ 



I 



\ fi 



-tWRDAV- 



f 



v. 



\ 



J V 



tCKDAV 



/ 



\__y ^ / 



SECOND BYTE 



DAV IS SET AND CLEARED BY INTERNAL CIRCUITRY. 

NOTE: DMA BIT IN THE CONTROL REGISTER MUST BE SET FOR THIS OPERATION. 



Figure 3. Data Available 



CLK, MODE = 1 
CLK, MODE = 

SYNC OUT 



\ 



-«— tCKSYNC — *H Y 



f 



-tSVNCO- 



tCKSYNC 



Figure 4. SYNC Output 



j^t^ Micro Linear 



2-71 



ML2233 

TIMING DIAGRAMS (Continued) 



START OF CONVERSION 
(NOTE 2) 



CLK 
(NOTE 1) 



-J- 



SYNCIN 
(START MODE 3) 

(M/S = 0) . 



/ 



Wl? 
(START MODE 0) 



^-^ 



-tWRCK-*" 



RD 
(START MODE 1) 



^ f 



START OF CONVERSION 
(NOTE 3) 



\ 



- tSYNCCK 



TO 






\ 



NOTES: 

1. CLK IS THE CLOCK DRIVEN AT THE CLOCK PIN. 

2. IN CLK MODE 1, WILL ALWAYS OCCUR AT TO IF SETUP TIMES ARE MET. 

3. IN CLK MODE 0, WILL OCCUR EITHER AT TO OR T1 IF SETUP TIMES ARE MET 



Figure 5. Synchronous Start of Conversion (Start Mode 0,1 ,3) 
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/ 



DATA BUFFER 
REGISTER 



START 
LOGIC 



CONTROL 
REGISTER 



CALCODE 
HOLDING 
REGISTER 



^ 
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INTERFACE 
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Figure 6. Block Schematic Diagram 
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FUNCTIONAL DESCRIPTION 



ALGORITHMIC A/D CONVERTER 

Micro Linear's algorithmic converter uses a successive 
approximation technique. Most of today's successive 
approximation converters use a DAC to feedback the ap- 
proximated signal, however this technique requires more 
circuitry than algorithmic converters. In addition the val- 
ues of all of the resistors or capacitors in the DAC must be 
matched to within the accuracy of the converter. This is 
difficult to do in silicon beyond 10 bits unless trimming is 
used. An algorithmic converter uses less circuitry and is 
more easily trimmed. Micro Linear's algorithmic converter 
is implemented using a 2x amplifier, a sample/hold amp, 
and a comparator as shown in Figure 7. 

The input sample is first multiplied by two then compared 
to the reference voltage. If the2x input voltage is greater 
than the reference, the MSB is a 1 and the reference volt- 
age is subtracted from the 2x input voltage. The remainder 
is stored in the sample and hold. If the 2x input voltage is 
less than the reference, the MSB is a and the 2x input 
voltage is stored in the sample and hold. This process re- 
peats again, however now the sample and hold voltage is 
multiplied by 2. 

The algorithm involves multiplication by 2, comparison, 
and possibly subtraction. Referring to Figure 6, the 
algorithm for the circuit can be described as follows: 

Step 1 If (2 X v,n) - Vref > 
then MSB = 1 

(2 X v,n) - Vref-S/H 
else MSB = 

(2 X V,n)-S/H 

Step 2 If (2 X S/H) - Vref ^ 
then next bit = 1 

(2 X S/H) - Vref-S/H 
else next bit = 

(2 X S/H)-S/H 

Step 3 Repeat Step 2 until conversion complete. 

Since the A/D converter handles bipolar inputs, 
negative inputs are handled slightly differently using the 
same principle. 











— 




ViN 


^ II - 


TRIM 
' CAPS "I 


C 

rHh 








2C 

JL . 


1 




KxVref 


MUX 


-> 


11 . 


c 


^ 


r\i /7^, 


—Vref 

,0,-1 


J* \D* 


' ' 






II ' 

2C 






'k = i 






J TRIM 
1 CAPS 


1 ► 


>0? 


















GAIN OF LOOP = X2 
























S/H 

























Figure 7. Self Calibrating A/D Converter 

SELF CALIBRATION 

In order to maintain integral and differential linearity to 
the 1/2 LSB level in an algorithmic converter, two critical 
parameters need to be controlled, loop offsets and the 
gain of the loop. Loop offsets are automatically nulled be- 
fore each conversion using auto-zeroing circuitry on both 
the sampling amp and the 2x amp. The gain of the loop is 
adjusted using self calibration. 

Self calibrating the algorithmic converter, once the offsets 
have been nulled, is performed by measuring the 2x gain 
of the loop and adjusting it. The gain can be measured by 
converting the reference voltage as the input as well as the 
reference (Vref/Vrer), and examining the output code. 
Converting Vref should yield plus full scale, since Vref/ 
Vref should equal 1 . If the gain of the loop is slightly less 
than 2, the resulting LSB of the conversion will be "0". If 
the magnitude bits of the resulting conversion are all "Is", 
the gain may be too great, therefore the gain is reduced to 
the point where the threshold of the LSB is reached. 

Adjustment of the 2x gain is done with the binary 
weighted trim capacitor arrays connected to each of the 
2C input capacitors. A small value of capacitance is either 
added to or subtracted from the 2C input caps until the 
gain of the loop is within 13 bitaccuracy of 2. 
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FUNCTIONAL DESCRIPTION (Continued) 



CONVERSION TIMES 

The following table lists the conversion times which in- 
clude the sample and hold acquisition time. For a CALRD 
and CALWR no A/D conversion actually takes place. 



OPERATION 


# OF INTERNAL CLOCKS* 


8 bit A/D 


80 


1 3 bit A/D 


110 


CALWR 


52 


CALRD 


80 



SAMPLE AND HOLD TIMING 

Figure 8 shows the internal timing for the sample and hold 
circuitry. The relationship between the "Start of Conver- 
sion" and the input channel going into sample mode is 
fixed at 6 internal clocks*, regardless of the Start Mode. Six 
internal clocks after the Start of Conversion the Sample 
and Hold is switched into the sample mode, placing two 
9pF capacitors in parallel with the inputs pins; one on 
V|ts| + and one on V|n - . The sample switch is kept in the 
sample mode for 8 internal clocks (2.3/as at a 7MHz ex- 
ternal clock), then placed in the hold mode. During the 
next 2 internal clocks the charge on the sample and hold is 
transferred into the A/D, after which the Vref P'f^ 's sam- 
pled for 8 internal clocks. 

Figure 8 also illustrates the timing of the SYNC pin in Mas- 
ter Mode during a conversion (M/S= 1 Control register) 
and Start Mode 0, 1 , or 2. SYNC is activated one internal 
clock cycle after the Start of Conversion and lasts for four 
internal clocks. 

*For a description of internal clocks see Clock section. 



ANALOG INPUTS 

DIFFERENTIAL INPUTS AND COMMON MODE 
REJECTION 

The differential inputs of the ML2233 eliminate the effects 
of common mode input noise (60Hz for example), as 
V|N + and V||si - are sampled at the same time. 

NOISE 

The leads to the analog inputs should be kept as short as 
possible to minimize output noise. Noise as well as digital 
clocks can couple into the inputs and cause errors. Input 
filters can be used to reduce the effects of these sources. 

POWER SUPPLY DECOUPLING 

Low inductance tantalum capacitors of l/^F or greater 
and 0.01 jttF disc ceramic capacitors are recommended for 
bypassing AVcc as well as Vss to AGND. These capacitors 
should be placed close to the AVcc ^^d Vss P'"s. 

MICROPROCESSOR INTERFACE 

There are two 1 3-bit directly addressable registers; a Data 
Buffer register and a Control register. The data buffer regis- 
ter provides the conversion results. The data register is 
double buffered, allowing one result to be read while the 
next sample is being converted. The data register also al- 
lows access to the algorithmic converter's calibration 
code. Normally the ML2233 is operated without ever ac- 
cessing these registers. (Refer to Diagnostics for more 
information). The Control register provides complete con- 
trol and status information. The two registers are ad- 
dressed by pin AO. 



EXTERNAL 
CLOCK 
(CLK MODE 



INTERNAL 
CLOCK 
OR (CLK MODE 



II II I 
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SYNC PIN 
(MASTER MODE) 



J 



u. 



I I 
I I 



4- 



-SAMPUNGINPUT- 



- SAMPUNG REFERENCE *^ 



START OF CONVERSION 



Figure 8. Sample and Hold Timing 
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FUNCTIONAL DESCRIPTION (Continued) 



All data is returned from the converter in two's comple- 
ment format. 



Cycle 


+ Max 


-Min 


Zero 


13 


OFFF 


1000 


0000 


8 


007F 


1F80 


0000 



REGISTER DESCRIPTION 

Register 0— Data Buffer: 

Register contains the results of the latest conversion 
when read. Depending on the Start Mode selected, read- 
ing or writing to this register may start the next 
conversion. 

Register 1— CONTROL Register: 

Bit (DAV status when READ/DAVACK acknowledge 
when a ONE is written): 

Reading DAV= 1 indicates that new data is available or a 
calibration is complete. DAV will be cleared automatically 
when the data is read. This bit can be explicitly acknowl- 
edg ed by writing a ONE to it; writing a zero has no effect. 
The DAV output pin always reflects the DAV status bit. 



Bit 1 (BUSY status when READ/RESET when a ONE is 
written): 

Reading BUSY=1 indicates that a conversion or calibra- 
tion is in progress. Writing a ONE will force a chip reset. 
Writing a zero has no effect. 

RESET Default Conditions: 

The Control register will automatically be cleared. The 
Data Buffer register will be unchanged. The Calibration 
register is not cleared after a reset, however the ADR DY 
bit is cleared. Since the DAV status bit is cleared, the DAV 
output is inactivated (high). The SYNC pin is forced to be 
an input as a result of clearing the M/S bit in the Control 
register. 

Bit 2 (ADRDY status when READ/DOCAL request when a 
ONE is written): 

Reading ADRDY = indicates that the converter has not 
been calibrated since the last reset, and ADRDY =1 indi- 
cates that it has been calibrated since the last reset. 
Writing a ONE will force the converter to do a calibration; 
writing a zero has no effect. 



DATA BUFFER REG 



13-BIT CONVERTED DATA 



CALCODE HOLDING REGISTER 



"ISTA 
J IF SI 



CONTROL REG CK1X M/S 



T^T 



Tad 
[rdy 



|bUSy| day I 1 |cK1x|m/s| TMDE I 00 I SMDE I SC |g^[RST|^^^{ 



LI — DAV STATUS 
CONV BUSY STATUS 
L— CHIP CALIBRATED STATUS 
•— SHORT CYCLE 



— 00: START IF REGO IS WRITTEN 
01 START IF REGO IS READ 
10 CONTINUOUS CONVERSIONS 

AFTER REGO IS WRITTEN 
11- START IF SYNC GOES HIGH 



TEST MODE 
L— MASTER/SLAVE 

- fcLK = 0, CLK DIVIDED BY 2 INTERNALLY (DEFAULT) 

MAXIMUM INPUT CLOCK FREQUENCY IS 7MHz 

- 1- fciK = 1, CLK DRIVES INTERNAL LOGIC DIRECTLY 

MAXIMUM INPUT CLOCK FREQUENCY IS 3.5MHz. 



T 



DAVl 
[ACKJ 

1 WRITING 1 

ACKNOWLEDGES DAV 



WRITING 1 RESETS CHIP 
WRITING 1 REQUESTS A CALIBRATION 
SHORT CYCLE 0= 13-BIT, 1 = 8-BIT 
>— START MODES 
I— 000 NORMAL A/D CONVERSION 



Figure 9. Register Description 
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FUNCTIONAL DESCRIPTION (Continued) 



Bit 3 (SC: Short cycle select): 
Selects 8 or 1 3 bit conversions. 

SC = 0: 13-bit conversion (default) 
SC= 1 : 8-bit conversion (short cycle) 

Bits 4,5 (SMDE: Start Mode): 
Defines Start Conversion mode. 

Bits 5,4 

00 Start Conversion upon writing to register 
(default) 

01 Start Conversion upon reading register 

1 Start Continuous Conversions upon writing to 
register 0. 

1 1 Start on external SYNC input going high 
(Requires Slave mode: M/S = 0) 

Bits 7,6 (reserved): 

These bits are reserved by Micro Linear and must be writ- 
ten as zero. 

Bits 10,9,8 (TMDE: test mode select bits) 

These bits are used for diagnostic purposes only and nor- 
mally not accessed during operation. The default value of 
TMDE is 000 which selects a normal A/D conversion. See 
Diagnostics for more information. 

TMDE Description 

000 Normal A/D Conversion 

001 Reserved by Micro Linear (Do Not Use) 

010 CALWR Operation 

01 1 CALRD Operation 

100 System Offset 

101 Common-mode 

110 Plus Full Scale 

111 Minus Full Scale 



Bit 11 (M/S: Master/Slave bit): 

Dictates whether the SYNC pin is an input or an output. 
Upon RESET, this bit is cleared. 

M/S = 0: Slave Mode SYNC is an input which is used 

to trigger a conversion if 
SMDE-11. 

M/S = 1 : Master Mode SYNC is an output. At the begin- 
ning of every conversion, SYNC 
is high for 4 internal clocks. 

Bit 12 (CK1X: clock select bit): 

Selects whether the external clock will be divided by two 
or used directly as the internal clock. See Clock section for 
a detailed explanation. 

CK1 X = 0: the external clock is divided by 

two and used as the internal 
clock. This is referred to as CLK 
Mode = 0. 

CK1X=1: the external clock input is used 

directly as the internal clock. 
This is referred to as CLK 
Mode==1. 
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FUNCTIONAL DESCRIPTION (Continued) 

GENERAL OPERATING INFORMATION 

CONVERSION-START PROTOCOL 

There are four different ways to start a conversion. They 
are defined by SMDE bits 4 and 5 in the Control Register. 



SMDE 
Bits 5,4 

00: A write to register will start a conversion. During 
a conversion, if another write is issued to register 
0, the "Start Conversion" command will be 
latched and another conversion will immediately 
follow the current one. To insure that the second 
write will be latched, it must occur at least 3 in- 
ternal clocks after the first write. Only one addi- 
tional write will be latched; multiple writes within 
a conversion will only yield one more conversion. 

01 : Reading the data from the previous conversion 
starts the next conversion. 

1 0: This mode causes continuous conversions; the 
next conversion begins immediately after the 
previous conversion ends. Writing to register 
will start the first conversion; thereafter the con- 
verter runs continuously. This mode yields the 
maximum conversion rate. 

1 1 : The SYNC input triggers the start of a conversion. 
The M/S bit in the Control Register must be 
cleared, placing the chip in the slave mode. 

Note: The external activation signals for Start Modes 0, 1 , 
and 3 are synchronized internally to the system clock. If 



periodic sam pling is required using these Start Modes, the 
SYNC, RD, or WR pulses must be synchronized to the sys- 
tem clock. Start Mode 2 guarantees periodic sampling. 

DOUBLE-BUFFERED DATA REGISTER 

The A/D conversion result is double-buffered using the 
Data Buffer register and the A/D Data register. The actual 
EndOf-Con version (EOC) d oes n ot correspond with the 
DAV output going low. The DAV output g oes lo w 1 6 in- 
ternal clocks after the EOC. From the time DAV output 
goes LOW, the user has one full conversion time (80 or 
110 internal clocks) minus 16 internal clocks to read the 
data as shown in Figure 10. 

SELF CALIBRATION 

Setting the DOCAL bit issues a calibration request to the 
chip. W hen c alibration is done, the DAV status bit is set 
and the DAV output goes low. 

A calibration requires 8,260 internal clocks. Using a 7MHz 
clock (CLK Mode = 0), this is approximately 2 ms. Power 
supplies and external voltage reference must be stable be- 
fore issuing a request for calibration. 

The ML2233 should be calibrated before any conversions 
are attempted. Calibrations must not be performed si- 
multaneously with conversions. Before requesting a cali- 
bration, the user may want to read the Busy status bit to 
make sure that the converter is idle. Polling the chip while 
the calibration is in progress is not recommended. 



START OF CONVERSION 2 START OF CONVERSION 3 
START OF CONVERSION 1 END OF CONVERSION 1 END OF CONVERSION 2 



-CONVERSION 1 - 



-CONVERSION 2 - 



DATA 1 AVAILABLE 



-CONVERSIONS- 



DATA 2 AVAILABLE 



Figure 10 
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FUNCTIONAL DESCRIPTION (Continued) 



CLOCK 

The ML2233 has the option of dividing the clock at the 
CLK pin by 1, or using it directly to drive the internal logic. 
This option is selected through the CK1X bit in the Control 
register. When CK1X = the clock is divided by 2. This is 
referred to as CLK Mode = 0. The clock at the CLK pin is re- 
ferred to as the External clock, and the Internal Clock is 
the External clock divided by 2. When CK1 X = 1 , the clock 
at the CLK pin drives the internal logic directly, therefore 
this clock is referred to as the Internal clock. This is also 
known as CLK Mode =1 . All internally clocked logic is 
positive edge triggered. 

CLK Mode = 0: 

There are two advantages to CLK Mode 0. This is the only 
Mode that allows an external crystal to be used. CLK Mode 
1 cannot operate with an external crystal, the CLK pin 
must be driven. The second advantage of CLK Mode is 
that the duty cycle for a driven clock is less stringent than 
in CLK Mode 1 . (Refer to tcLKO ^"d tcLKi in AC Electrical 
Characteristics for CLK Mode and 1 timing requirements, 
respectively.) 

On power up the state of the divide by two flip-flop is in- 
determinate. Therefore the relationship between the in- 
ternal clock and the external clock at the CLK pin can have 
one of two possibilities as shown in Figure 1 1 . As a result 
the following should be considered. 



twRCK/ tRDCK/ and tsYNCCK specs, (RD, WR, and SYNC set- 
up times to Start of Conversion), will be as shown in the 
data sheet, or the data sheet specs plus one external clock 
period. Since these specifications are with respect to the 
rising edge of the external clock, it is not known whether 
this rising edge corresponds to the rising edge or falling 
edge of the internal clock. Therefore there is an uncer- 
tainty of one external clock period. 

If periodic sampling is necessary and Start Mod e 0,1, or 3 
is used, the external start pulse (either RD, WR, or SYNC) 
must be synchronous to the external clock, meet the setup 
time, and bean even number of external clock periods. If 
the start pulse were an odd number of external clock peri- 
ods, half the pulses would correspond with the rising edge 
of the internal clock, and the other half would correspond 
with the falling edge of the internal clock. Therefore the 
sampling period would change by one external clock 
period every sample. Start Mode 2 guarantees periodic 
sampling regardless of the CLK mode. 

CLK Mode = 1: 

This mode eliminates the requirement that external start 
pulses must be an even number of external clock periods. 
However periodic sampling still requires that the start 
pulse be synchronous to the external clock, and the setup 
time must be met. CLK Mode 1 also eliminates the un- 
certainty of the twRCK/ tRDCK/ and tsvNCCK requirements. 
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FUNCTIONAL DESCRIPTION (Continued) 



DIAGNOSTICS 

Diagnostic routines may be run after power up or any 
other time to ensure proper operation. The diagnostic fea- 
tures, which are software selectable, don't require ex- 
ternal hardware. Both the analog and digital sections can 
be tested. 

The ML2233 is placed in the diagnostic mode via the 
TMDE field in the Control Register. Once the ML2233 is 
placed in one of the diagnostic modes, a conversion must 
be executed before the results can be read. As with all 
conversions, DAVwill be activated upon completion. 

ANALOG CONVERSION DIAGNOSTICS 

TMDE = 000: Normal Operation 

Selects normal A/D conversion. Default condition after a 

software reset. 

TMDE = 001: Reserved by Micro Linear. 

TMDE = 01 0: CALWR operation 

The data in Write register (CALCODE Holding Register), 
is transferred into the converter's Calibration register 
when a "Start Conv ersion " is issued. A dummy conver- 
sion occurs and the DAV output goes LOW to indicate that 
the operation is complete. 

TMDE = 01 1 : CALRD operation 

The contents of the Calibration register are transferred 

through the A/D Data register and loaded into the Data 

Buffer register. A dummy 8-bit conversion occurs and DAV 
output goes LOW to indicate that the CALRD operation is 
complete. 



TMDE = 1 00: System Offset 

The positive and negative inputs to the Sample and Hold 
are tied to analog ground. With this setting, converted 
data will give the offset of the A/D converter and Sample/ 
Hold combination. The V|N 4- andVi^- pins will remain 
in a high impedance state while in this mode. 

TMDE = 101 : Common-mode 

Both the positive and negative inputs of the Sample and 
Hold are tied to Vref- The results of a conversion in this 
test mode indicates how well the converter is rejecting a 
common mode signal. 

TMDE = 1 10: Positive Full Scale 

This test mode connects the positive input of the Sample 
and Hold to Vref ^nd the negative input of the Sample and 
Hold to analog ground. The result of converting in this test 
mode is a value near positive full scale. 

TMDE =111: Negative Full Scale 

This test mode connects the positive input of the Sample 
and Hold to analog ground and the negative input to Vref- 
The result of converting in this test mode is a value near 
negative full scale. 

DIGITAL LOOPBACK 

The ML2233's architecture provides a way for the micro- 
processor to indirectly read and write to the A/D 
converter's calibration register and data register via a 
CALRD and CALWR. Figure 12 illustrates this architecture. 
This in effect allows a digital loopback. 
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Figure 12. Digital Loopback 
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FUNCTIONAL DESCRIPTION (Continued) 



When the TMDE bits are set to 01 CAL WRITE (CALWR), 
and a Start Conversion is issued in any one of the four 
modes, the contents of the CALCODE Holding register is 
transferred into the A/D converter's Calibration register. 
When the TMDE bits are set to 01 1 CAL READ (CALRD), 
and a Start Conversion is issued, the contents of the 
Calibration register are transferred through the A/D's 
Data register into the Data Buffer register. The result of 
these two operations is a complete loopback from the 
CALCODE Holding register through the A/D converter 
and back into the Data buffer register. This loopback pro- 
vides user assurance that all the paths are clear and there 
are no stuck bits. 

Note: When a CALWR is done, the previous calibration 
value is lost. The correct calibration value must be re- 
stored before the converter is used to convert data. 

CALIBRATION PASS/FAIL TEST 

The CALRD can be used as a way to verify a successful 
calibration. After a calibration is completed, the CALRD 
may be issued in order to read the contents of the Calibra- 
tion register. If the Low Byte (lower 8 bits) of the data 
buffer register are ones after executing a CALRD, the cali- 
bration failed; otherwise the calibration is successful. 
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Figure 1 3. Interfacing to 68000 Microprocessor 



5V 

AVcc 



DVcc 



f 2.5V EXTERNAL Vref 

reference 



t 



ANALOG 

INPUT VlN- 



r 



D15 
DO 



RD 
WR 



<^ 



-t>- 



^^ 



<2 



> 



WAIT 

STATE 

GENERATOR 



ADDRESS 
DECODER 



D15 
DO 



A15 
A14 
A13 

Is 



X2/CLK1N 
READY 






Figure 14. Interfacing to TMS320C25 Digital Signal Processor 
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ORDERING INFORMATION 



PART NUMBER 


MAXIMUM 
LINEARITY ERROR 


MAXIMUM TOTAL 
UNADJUSTED ERROR 


MINIMUM 
CONVERSION 


PACKAGE 


ML2233BCJ 
Ml 2733CCJ 
ML2233DCJ 


±3/4 LSB 
±1 LSB 
±1 LSB 


±11/2 LSB 
±21/2 LSB 
±21/2 LSB 


31.5A/S 
31.5)ws 
44.0yws 


Hermetic DIP 
Hermetic DIP 
Hermetic DIP 
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jLiP Compatible 8-Bit A/D Converters 
with 2- or 8-Channel Multiplexer 



GENERAL DESCRIPTION 

The ML2252 and ML2259 combine an 8-bit A/D converter, 
2- or 8-channel analog multiplexer, and a microprocessor 
compatible 8-bit parallel interface and control logic in a sin- 
gle monolithic CMOS device. 

Easy interface to microprocessors is provided by the latched 
and decoded multiplexer address inputs and a double buf- 
fered three-state data bus. These analog-to-digital converters 
allow the microprocessor to operate completely asynchron- 
ous to the converter clock. 

The built In sample and hold function provides the ability to 
digitize a 5 V, 50kHz sine wave to 8-bit accuracy. The differ- 
ential comparator design provides low power supply sensitiv- 
ity to DC and AC variations. The voltage reference can be 
externally set to any value between ground and S/qo thus 
allowing a full conversion over a relatively small span if de- 
sired. All parameters are guaranteed over temperature with a 
power supply voltage of 5 V ± 10%. 

The device is suitable for a wide range of applications from 
process and machine control to consumer, automotive, and 
telecommunication applications. 



FEATURES 

■ Conversion tinne (fcLK= 1-46 MHz) 6.6jl(S 

■ Total unadjusted error ± 1 /2 LSB or ± 1 LSB 

■ No missing codes 

■ Sample and hold 390 ns acquisition 

■ Capable of digitizing a 5 V, 50 kHz sine wave 

■ 2- or 8-channel input multiplexer 

■ OV to 5 V analog input range with single 5 V power 
supply 

■ Operates ratiometrically or with up to 5 V voltage 
reference 

■ No zero or full scale adjust required 

■ Analog input protection 25 mA (min) per input 

■ Continuous conversion mode 

■ Low power dissipation 15mW MAX 

■ TTL and CMOS compatible digital inputs and outputs 

■ Standard 20-pin or 28-pin DIP or PCC 

■ Temperature range 0°C to +70^C, 

or-40°Cto+85°C, 
or-55°Cto+125°C 
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BLOCK DIAGRAMS (Continued) 
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PIN DESCRIPTION 





PIN# 


ML225 


\2 ML2259 




1 




2 




3 




4 




5 


2 


6 


3 


7 


4 


8 


5 


9 


6 


10 


7 


11 


8 


12 


9 


13 


10 


14 


11 


15 


12 


16 


13 


17 


14 


18 


15 


19 


16 


20 


17 


21 


18 


22 




23 




24 


19 


25 


20 


26 


1 


27 




28 



NAME 



FUNCTION 



CH3 
CH4 
CHS 
CH6 
CH7 
START 
EOC 



DB3 
OE 

CLK 

Vcc 
+Vref 
GND 

DB1 

DB2 

-Vref 
DBO 
DB4 
DB5 
DB6 
DB7 
ALE 

ADDR2 

ADDR1 

ADDRO 

CHO 

CHI 

CH2 



Analog input 3. 

Analog input 4. 

Analog input 5. 

Analog input 6. 

Analog input 7. 

Start of conversion. Active high digital input pulse initiates conversion. 

End of conversion. This output goes low after a START pulse occurs, stays low for 

the entire A/ D conversion, and goes high after conversion is completed. Data 

on DB0-DB7 is valid on rising edge of EOC and stays valid until next EOC rising 

edge. 

Data output 3. 

Output enable input. When OE = 0, DB0-DB7 are in high impedance state; 

OE = 1, DB0-DB7 are active outputs. 

Clock. Clock input provides timing for A/ D converter, S/H, and digital interface. 

Positive supply. 5 V ± 10%. 

Positive reference voltage. 

Ground. OV, all analog and digital inputs or outputs are referenced to this point. 

Data output 1 . 

Data output 2. 

Negative reference voltage. 

Data output 0. 

Data output 4. 

Data output 5. 

Data output 6. 

Data output 7. 

Address latch enable. Input to latch in the digital address (ADDR2-0) on the 

rising edge of the multiplexer. 

Address input 2 to multiplexer. Digital input for selecting analog input. 

Address input 1 to multiplexer. Digital input for selecting analog input. 

Address input to multiplexer. Digital input for selecting analog input. 

Analog input 0. 

Analog input 1. 

Analog input 2. 



ABSOLUTE MAXIMUM RATINGS 

(Note 1) 

Supply Voltage, Vcc 6.5V 

Voltage 

Logic Inputs -0.3V to Vcc +0.3V 

Analog Inputs -0.3 V to Vcc +0.3 V 

Input Current per Pin (Note 2) ±25 mA 

Storage Temperature -65°C to +150°C 

Package Dissipation 
atTA = 25°C (Board Mount) 875mW 

Lead Temperature (Soldering 10 sec.) 

Dual-ln-Line Package (Plastic) 260° C 

Dual-ln-Line Package (Ceramic) 300° C 

Molded Chip Carrier Package 

Vapor Phase (60 sec.) 215°C 

Infrared 05 sec.) 220°C 



OPERATING CONDITIONS 



Supply Voltage, Vcc 4.5 Vpc to 6.3 Vqc 

Temperature Range (Note 3) T^4|n<Ta<Tmax 

ML2252BMJ, ML2252CMJ -55°Cto +125° C 

ML2259BMJ, ML2259CMJ 

ML2252BIJ, ML2252CIJ -40°Cto +85°C 

ML2259BIJ, ML2259CIJ 

ML2252BCP, ML2259BCP 0°Cto +70°C 

ML2252BCQ, ML2259BCQ 

ML2252CCP, ML2259CCP 

ML2252CCQ, ML2259CCQ 
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ELECTRICAL CHARACTERISTICS 



Unless otherwise specified Ta= 


Tmin to TmaX/ Vcc = +Vref = 5 V 


±10%, -VREF=GNDandfcLK= 


= 1.46MHz 








NOTES 


CONDITIONS 


ML2252B, ML2259B 


ML2252C, ML2259C 




PARAMETER 


MIN 


TYP 
NOTE 4 


MAX 


MIN 


TYP 
NOTE 4 


MAX 


UNITS 



CONVERTER AND MULTIPLEXER CHARACTERISTICS 



Total Unadjusted Error 


5,7 


Vref = Vcc 






±1/2 






±1 


LSB 


+Vref Voltage i^nge 


6 




-Vref 




Vcc+0.1 


-Vref 




Vcc +0.1 


V 


-Vref Voltage Range 


6 




GND-0.1 




+Vref 


GND-0.1 




+Vref 


V 


Reference Input 
Resistance 


5 




14 


20 


28 


14 


20 


28 


kQ 


Analog Input Range 


5,8 




GND-0.1 




Vcc+O.l 


GND-0.1 




Vcc +0.1 


V 


Power Supply 
Sensitivity 


6 


DC 

Vcc = 5V±107o 




±1/32 


±1/4 




±1/32 


±1/4 


LSB 




100mVp.p 

100kHz Sine on Vco 

V,N = 




±Vl6 






±1/l6 




LSB 


loff, Off Channel 
Leakage Current 


5,9 


OnChannel=Vcc 
Off Channel =0V 


-1 






-1 






/^ 


(Note 9) 


On Channel =0V 
Off Channel = Vcc 






1 






1 


mA 


'on/ On Channel 
Leakage Current 


5,9 


On Channel =0V 
Off Channel = Vcc 


-1 






-1 






mA 


(Note 9) 


On Channel = Vcc 
Off Channel =0V 






1 






1 


mA 



SYMBOL 



PARAMETER 



NOTES 



CONDITIONS 



MIN 



TYP 
NOTE 4 



MAX 



UNITS 



DIGITAL AND DC CHARACTERISTICS 



V|N(1) 


Logical "1" Input Voltage 


5 




2.0 






V 


V|N(0) 


Logical "0" Input Voltage 


5 








0.8 


V 


•iNd) 


Logical "1" Input Current 


5 


V,N=Vcc 






1 


mA 


'lN(0) 


Logical "0" Input Current 


5 


V,N = OV 


-1 






mA 


VoUT(l) 


Logical "V Output Voltage 


5 


louT=-2mA 


4.0 






V 


VoUT(O) 


Logical "0" Output Voltage 


5 


louT = 2mA 






0.4 


V 


buT 


Three-State Output 
Current 


5 


VouT = OV 


-1 






mA 




VouT=Vcc 






1 


IxA 


Ice 


Supply Current 


5 






1.5 


3 


mA 



AC AND DYNAMIC PERFORMANCE CHARACTERISTICS (Note 10) 



UCQ 


Sample & Hold Acquistion 








1/2 




1/fcLK 


fcLK 


Clock Frequency 


5 




10 




1460 


kHz 


tc 


Conversion Time 








8.5 


8.5 +250 ns 


1/fcLK 


SNR 


Signal to Noise Ratio 




V|N = 51kHz,5VSine. 
fcLK= 1.46 MHz 

(fsAMPLiNG-ISOkHz). Noise is Sum of 
All Nonfundamental Components up 

t0l/2 0ffsAMPLING 




47 




dB 


THD 


Total Harmonic Distortion 




V,N = 51kHz,5VSine. 
fcLK= 1.46 MHz 

(fsAMPLiNG-150kHz). THD is Sum of 
2, 3, 4, 5 Harmonics Relative to 
Fundamental 




-60 




dB 
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ELECTRICAL CHARACTERISTICS(Continued) 

Unless otherwise specified T^ =Tmin to TmaX/ Vcc = +Vref = 5 V ± 10%, - Vref = GND and fcLK = 1-46MHz. 



SYMBOL 



PARAMETER 



NOTES 



CONDITIONS 



MIN 



TYP 
NOTE 4 



MAX 



AC AND DYNAMIC PERFORMANCE CHARACTERISTICS (Note 10) (Continued) 



UNITS 



IMD 


Intermodulation Distortion 




V|N=fA+fB.fA = 49l<Hz, 2.5V Sine. 
fB=47.8kHz, 2.5V Sine, 
fcLK = 1-46 MHz 

(fsAMPLING=150kHz). IMD IS (fA+fe), 
(fA-fB),(2fA+fB),(2fA-fB).(fA+2fB), 

(fA-2fB) Relative to Fundamental 




-60 




dB 


FR 


Frequency Response 




V|N =0 to 50 kHz. 5 V Sine Relative to 
1kHz 




0.1 




dB 


tDC 


Clocl< Duty Cycle 


6,11 




40 




60 


% 


tEOC 


End of Conversion Delay 


5 






V2 


1/2 +250 ns 


1/fcLK 


tws 


Start Pulse Width 


5 




50 






ns 


tss 


Start Pulse Setup Time 


6,12 


Synchronous Only 


40 






ns 


tWALE 


Address Latch Enable Pulse 
Width 


5 




50 






ns 


ts 


Address Setup 


5 











ns 


tH 


Address Hold 


5 




50 






ns 


tHI/ tHO 


Output Enable for DB0-DB7 


6 
6 


Figure 1,Cl = 50 pF 






100 


ns 




Figure 1,Cl = 10 pF 






50 


ns 


tlH/ toH 


Output Disable for DB0-DB7 


6 
6 


Figure 1,Cl = 50 pF 






100 


ns 




Figure 1,Cl = 10 pF 






50 


ns 


Qn 


Capacitance of Logic Input 








5 




pF 


Cqut 


Capacitance of Logic Outputs 








10 




pF 



Note 1: Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 

specified are measured with respect to ground. 

Note 2: When the input voltage (V|n) at any pin exceeds the power supply rails (V|n<GND -0.1 V or V^c +0.1 V) the absolute value of current 

at that pin should be limited to 25 mA or less. 

Note 3: - 55°C to +125°C operating temperature range devices are 100% tested at temperature extremes with worst-case test conditions. 

-40°C to +85°C operating temperature range devices are 100% tested with temperature limits guaranteed by 100% testing, sampling, or by 

correlation with worst-case test conditions. 

Note 4: Typicals are parametric norm at 25 °C. 

Note 5: Parameter guaranteed and 100% production tested. 

Note 6: Parameter guaranteed. Parameters not 100% tested are not in outgoing quality level calculation. 

Note 7: Total unadjusted error includes offset, full-scale, linearity, multiplexer and sample and hold errors. 

Note 8: For - Vref ^ V|n{+) the digital output code will be 0000 0000. Two on-chip diodes are tied to each analog input which will forward 

conduct for analog input voltages one diode drop below ground or one diode drop greater than the Vcc supply. Be careful, during testing at low 

Vcc levels (4.5 V), as high level analog inputs (5 V) can cause this input diode to conduct-especially at elevated temperatures, and cause errors 

for analog inputs near full-scale. The spec allows 100 mV forward bias of either diode. This means that as long as the analog Vin or Vref does not 

exceed the supply voltage by more than 100 mV, the output code will be correct. To achieve an absolute Vpc to 5 Vpc input voltage range will 

therefore require a minimum supply voltage of 4.900 Vpc over temperature variations, initial tolerance and loading. 

Note 9: Leakage current is measured with the clock not switching. 

Note 10: Cl = 50pF, timing measured at 50% point. 

Note 11: A 40% to 60% clock duty cycle range insures proper operation at all clock frequencies. In the case that an available clock has a duty 

cycle outside of these limits, the minimum time the clock is high or the minimum time the clock is low must be at least 40 ns. The maximum 

time the clock can be high or low is 60/iS. 

Note 12: The conversion start setup time requirement only needs to be satisfied if a conversion must be synchronized to a given clock rising 

edge. If the setup time is not met, start conversion will have an uncertainty of one clock pulse. 



Ji^ Micro Linear 



2-87 



ML2252, ML2259 



clZi: 10k 



r 



OUTPUT 
ENABLE 



Vcc 
GND 

VOH- 
GND- 




tlH ]r* 

Is^OH-IOOr 





Vcc 

OUTPUT 

ENABLE c^o_70% 

Vcc 




VOL- 



VoL+IOOmV 




Figure 1. High Impedance Test Circuits and Waveforms 
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TYPICAL PERFORMANCE CURVES (Continued) 
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Figure 3. Linearity Error vs Vrep Voltage 



Figure 4. Unadjusted Offset Error vs Vref Voltage 



1.0 FUNCTIONAL DESCRIPTION 



1.1 Multiplexer Addressing 

The ML2252 and ML2259 contain a single ended analog 
multiplexer. A particular input channel is selected by using 
the address decoder. The relationship between the address 
inputs, ADDR0-ADDR2, and the analog input selected is 
shown in Table 1. The address inputs are latched into the 
decoder on the rising edge of the address latch signal ALE. 

Table 1. Multiplexer Address Decoding 
ML2252 



Selected 
Analog Channel 



CHO 
CHI 



Address 
input 



ML2259 



Selected 




Address Input 




Analog Channel 


ADDR2 


ADDR1 


ADDRO 


CHO 











CHI 








1 


CH2 





1 





CH3 





1 


1 


CH4 


1 








CHS 


1 





1 


CH6 


1 


1 





CH7 


1 


1 


1 



1.2 A/ D Converter 

The A/D converter uses successive approximation to per- 
form the conversion. The converter is composed of the suc- 
cessive approximation register, the DAC and the comparator. 



The DAC generates the precise levels that determine the 
linearity and accuracy of the conversion. The DAC is com- 
posed of a capacitor upper array and a resistor lower array. 
The capacitor upper array generates the 4 MSB decision 
levels while the series resistor lower array generates the 4 LSB 
decision levels. A switch decoder tree is used to decode the 
proper level from both arrays. 

The capacitor/ resistor array offers fast conversion, superior 
linearity and accuracy since matching is only required be- 
tween 2^= 16 elements (as opposed to 2^ = 256 elements in 
conventional designs). And since the levels are based on the 
ratio of capacitors to capacitors and resistors to resistors, the 
accuracy and long term stability of the converter is improved. 
This also guarantees monotonicity and no missing codes, as 
well as eliminating any linearity temperature or power supply 
dependence. 

The successive approximation register is a digital block used 
to store the bit decisions from the conversion. 

The comparator design is unique in that it is fully differential 
and auto zeroed. The fully differential architecture provides 
excellent noise immunity, excellent power supply rejection, 
and wide common mode range. The comparator is auto 
zeroed at the start of each conversion in order to remove any 
DC offset and full-scale gain error, thus improving accuracy 
and linearity. 

Another advantage of the capacitor array approach used in 
the ML2252 and ML2259 is the inherent sample-and-hold 
function. This true S/H allows an accurate conversion to be 
done on the input even if the analog signal is not stable. 
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1.0 FUNCTIONAL DESCRIPTION (Continued) 

Linearity and accuracy are maintained for analog signals up 
to 1/2 the sampling frequency. As a result, input signals up to 
50 kHz can be converted without degradation in linearity or 
accuracy. 

The sequence of events during a conversion is shown in 
Figure 5. The rising edge of a START pulse resets the internal 
registers and initiates a conversion on the next rising edge of 
CLK providing that (tss) start pulse setup time is satisfied. If 
this setup time is not met, start conversion will have an un- 
certainty of one clock pulse. The input is then sampled for 
the next half CLK period until HOC goes low. EOC goes low 
on the falling edge of the next CLK pulse indicating that the 
conversion is now beginning. The actual conversion now 
takes place for the next eight CLK pulses, one bit for each 
CLK pulse. After the conversion is done, the data is updated 
on DB0-DB7 and EOC goes high on the rising edge of the 9th 
CLK pulse, indicating that the conversion has been com- 
pleted and data is valid on DB0-DB7. The data will stay valid 
on DB0-DB7 until the next conversion updates the data word 
on the next rising edge of EOC. 



A conversion can be interrupted and restarted at any time by 
a new START pulse. 

1.3 Analog Inputs and Sample/ Hold 

The ML2252 and ML2259 have a true sample-and-hold 
circuit which samples both the selected input and ground 
simultaneously. These analog to digital converters can reject 
AC common mode signals from DC-50kHz as well as 
maintain linearity for signals from DC-50kHz. 

The plot below (Figure 6) shows a 2048 point FFT of the 
ML2259 converting a 50 kHz, to 5V, low distortion sine 
wave input. The ML2252 and ML2259 sample and digitize at 
their specified accuracy, dynamic input signals with fre- 
quency components up to the Nyquist frequency (one-half 
the sampling rate). The output spectra yields precise mea- 
surements of input signal level, harmonic components, and 
signal to noise ratio up to the 8-bit level. The near ideal signal 
to noise ratio is maintained independent of increasing analog 
input frequencies to 50 kHz. 



ADDR0-ADDR2 




A r 



Figure 5. Timing Diagram 
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1.0 FUNCTIONAL DESCRIPTION (Continued) 



The signal at the analog input is sampled during the interval 
when the sampling switch is open prior to conversion start. 
The sampling window (S/ H acquisition time) is one half CLK 
period long and occurs one half CLK period after START goes 
low. When the sampling switch closes at the start of the 5/ H 
acquisition time, 8pF of capacitance is thrown onto the ana- 
log input. One half CLK period later, the sampling switch 
opens, the signal present at analog input is stored and con- 
version starts. Since any error on the analog input at the end 
of the S/H acquisition time will cause additional conversion 
error, care should be taken to insure adequate settling and 
charging time from the source. If more charging or settling 
time Is needed to reduce these analog input errors, a longer 
CLK period can be used. 

Each analog input has dual diodes to the supply rails, and a 
minimum of ±25mA (± 100mA typically) can be injected 
into each analog input without causing latchup. 

1.4 Reference 

The voltage applied to the +Vref and - Vref inputs defines 
the voltage span of the analog Input (the difference between 
ViNMAX and V|nmin) over which the 256 possible output 
codes apply. The devices can be used in either ratiometric 
applications or In systems requiring absolute accuracy. The 
reference pins must be connected to a voltage source capa- 
ble of driving the reference Input resistance, typically 20 k. 

In a ratiometric system, the analog input voltage is propor- 
tional to the voltage used for the A/ D reference. This voltage 
Is typically the system power supply, so the -i-Vref P'" can be 
tied to Vcc and -Vref t'^d to GND. This technique relaxes 
the stability requirements of the system reference as the ana- 
log input and A/ D reference move together maintaining the 
same output code for a given input condition. 

For absolute accuracy, where the analog input varies be- 
tween specific voltage limits, the reference pins can be biased 
with a time and temperature stable voltage source. 

+Vref and -Vref can be at any voltage between Vcc and 
GND. In addition, the difference between +Vref and -Vref 
can be set to small values for conversions over smaller 
voltage ranges. Particular care must be taken with regard to 
noise pickup, circuit layout and system error voltage sources 
when operating with a reduced span due to the increased 
sensitivity of the converter. 

1.5 Power Supply and Reference Decoupling 

A lOjLiF electrolytic capacitor is recommended to bypass Vcc 
to GND, using as short a lead length as possible. In addition, 
with clock frequencies above 1 MHz, a 0.1 /iF ceramic disc 
capacitor should be used to bypass Vcc to GND. 

If REF+ and REF- inputs are driven by long lines, they should 
be bypassed by 0.1 /iF ceramic disc capacitors at the reference 
input pins (pins 12, 16). 

1.6 Dynamic Performance 
Signal-to-Noise Ratio 

Signal-to-noise ratio (SNR) is the measured signal to noise at 
the output of the converter. The signal is the rms magnitude 
of the fundamental. Noise is the rms sum of all the nonfunda- 



mental signals up to half the sampling frequency. SNR is 
dependent on the number of quantization levels used in the 
digitization process; the more the levels, the smaller the 
quantization noise. The theoretical SNR for a sine wave is 
given by 

SNR = (6.02 N +1.76)dB 

where N is the number of bits. Thus for ideal 8-bit converter, 
SNR = 49.92 dB. 
Harmonic Distortion 

Harmonic distortion is the ratio of the rms sum of harmonics 
to the fundamental. Total harmonic distortion (THD) of the 
ML2252 or ML2259 are defined as 



20 log 



(V22 + V32 + V42 + Vs^yii 



where Vi is the rms amplitude of the fundamental and V2, 
V3, V4, V5 are the rms amplitudes of the individual 
harmonics. 

Intermodulation Distortion 

With inputs consisting of sine waves at two frequencies, fA 
and fe, any active device with non linearities will create 
distortion products, of order (m + n), at sum and difference 
frequencies of mf A + nfe, where m, n=0, 1, 2, 3 ... Inter- 
modulation terms are those for which m or n is not equal to 
zero. The (IMD) intermodulation distortion specification 
includes the second order terms (fA + fe) and (fA - fe) and 
the third order terms (2fA + fs), (2fA - fs)/ (U + 2fB), and 
(fA - 2fB) only. 

1.7 Digital interface 

The analog inputs are selected by the digital addresses, 
ADDR0-ADDR2, and latched on the rising edge of ALE. This 
is described in the Multiplexer Addressing section. 

A conversion is initiated by the rising edge of a START pulse. 
As long as this pulse is high, the internal logic is reset. 

The sampling interval starts with the following CLK rising 
edge after a START falling edge and ends on the falling edge 
of CLK. The conversion starts and EOC goes low. The sam- 
pling clock is at least one half CLK period wide. Each bit 
conversion in the successive approximation process takes 1 
CLK period. On the rising edge of the ninth CLK pulse, the 
digital output of the conversion is updated on the outputs 
DB0-DB7 and EOC goes high indicating the conversion is 
done and data on DB0-DB7 is valid. 

One feature of the ML2252 and ML2259 is that the data is 
double buffered. This means that the outputs DB0-DB7 will 
stay valid until updated at the end of the next conversion and 
will not become Invalid when the next conversion starts. This 
facilitates interfacing with external logic of ptR 

The signal OE drives the data bus, DB0-DB7, into the 
high impedance state when held low. This allows the 
ML2252 and ML2259 to be tied directly to a /iP system 
bus without any latches or buffers. 
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1.0 FUNCTIONAL DESCRIPTION (Continued) 



1.7.1 Restart During Conversion 

If the A/D is restarted (start goes low and returns high) during 
a conversion, the converter is reset and a new conversion is 
started. The output data latch is not updated if the conversion 
in process is not allowed to be completed. EOC will remain 
low and the output data latch is not updated. 



1.7.2 Continuous Conversions 

In the free-running, continuous conversion mode, the start 
input is tied to the (Figure 7) EOC output. An initialization 
pulse, following power-up, of momentarily forcing a logic 
high level is required to guarantee operation. 



vcc 

9 START 



ML2252 
ML2259 



Figure 7. Continuous Conversion Mode 



2.0 TYPICAL APPLICATIONS 
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Figure 8. Protecting the Input 



Figure 9. Operating with Ratiometric Transducers 15% 

0fVcc<VxDR<85%0fVcc 
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ORDERING INFORMATION 



PART NUMBER 



TOTAL 
UNADJUSTED ERROR 



TEMPERATURE 
RANGE 



PACKAGE 



TWO ANALOG INPUTS, 20-PIN PACKAGE 



ML2252BMJ 


±V2LSB 


-55°Cto+125°C 


HERMETIC DIP 


ML2252BIJ 




-40°Cto+85°C 


HERMETIC DIP 


ML2252BCP 




0°Cto+70°C 


MOLDED DIP 


ML2252BCQ 




0°Cto+70°C 
-40°Cto+85°C 


MOLDED PCC 


ML2252CIJ 


±1LSB 


HERMETIC DIP 


ML2252CCP 




0°Cto+70°C 


MOLDED DIP 


ML2252CCQ 




0°Cto+70°C 


MOLDED PCC 



EIGHT ANALOG INPUTS, 28-PIN PACKAGE 



ML2259BMJ 


±1/2 LSB 


-55°Cto+125°C 


HERMETIC DIP 


ML2259BIJ 




-40°Cto+85°C 


HERMETIC DIP 


ML2259BCP 




0°Cto+70°C 


MOLDED DIP 


ML2259BCQ 




0°C to +70°C 


MOLDED PCC 


ML2259CIJ 


±1LSB 


-40°Cto+85°C 


HERMETIC DIP 


ML2259CCP 




0°Cto+70°C 


MOLDED DIP 


ML2259CCQ 




0°Cto+70°C 


MOLDED PCC 
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fiP Compatible 8-Bit A/D Converter 
with 8-Channel Multiplexer 



GENERAL DESCRIPTION 

The ML2258 combines an 8-bit A/D converter, 8-channel 
analog multiplexer, and a microprocessor compatible 8-bit 
parallel interface and control logic in a single monolithic 
CMOS device. 

Easy interface to microprocessors is provided by the 
latched and decoded multiplexer address inputs and 
latched three-state outputs. 

The device is suitable for a wide range of applications from 
process and machine control to consumer, automotive , 
and telecommunication applications. 

The ML2258 is an enhanced pin compatible second 
source for the industry standard ADC0808/ADC0809. The 
ML2258 enhancements are faster conversion time, true 
sample and hold function, superior power supply rejec- 
tion, wider reference range, and a double buffered data 
bus as well as faster digital timing. All parameters are 
guaranteed over temperature with a power supply voltage 
of5V±107o. 



FEATURES 



6.6/is 
±l/2LSBor±1LSB 



Conversion time 

Total unadjusted error 

No missing codes 

Sample and hold 390ns acquisition 

Capable of digitizing a 5V, 50kHz sine wave 

8-input multiplexer 

OV to 5V analog input range with single 5V 

power supply 

Operates ratiometrically or with up to 5V 

voltage reference 

No zero or full scale adjust required 

Analog input protection 25mA per input min 

Low power dissipation 3mA max 

TTL and CMOS compatible digital inputs and 

outputs 

Standard 28-pin DIP or surface mount PCC 

Superior pin compatible replacement for ADC0808 

and ADC0809 
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PIN CONNECTIONS 



ML2258 
28-PIN DIP 



IN3[ 


1 


28 


]lN2 


IN4[ 


2 


27 


]|N1 


IN5[ 


3 


26 


]lNO 


IN6[ 


4 


25 


] ADDRO 


IN7[ 


5 


24 


] ADDR1 


START [ 


6 


23 


] ADDR2 


E0C[ 


7 


22 


] ALE 


DB3[ 


8 


21 


]dB7 


oe[ 


9 


20 


]dB6 


clk[ 


10 


19 


]dB5 


Vcc[ 


11 


18 


]dB4 


+ Vref[ 


12 


17 


]dbo 


gnd[ 


13 


16 


]-Vref 


DBl[ 


14 


15 


]dB2 



ML2258 
28-PIN PCC 



ii"N3 irNj irN I 

IN6 4 IN4 I IN2 i INO 

J— I rh 1—1 rh r-i rh r— I 



<^ 



IN7 
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Vcc[ 
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] ADDRO 

]addri 
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PIN DESCRIPTION 

PIN NO. NAME 



10 



11 
12 



FUNCTION 



1 


IN3 


2 


IN4 


3 


INS 


4 


IN6 


5 


IN7 


6 


START 



EOC 



DB3 
OE 



CLK 



Vcc 
+ Vref 



Analog input 3. 

Analog input 4. 

Analog input 5. 

Analog input 6. 

Analog input 7. 

Start of conversion. Active high 

digital input pulse initiates 

conversion. 

End of conversion. This output goes 

low after a START pulse occurs, stays 

low for the entire A/D conversion, 

and goes high after conversion is 

completed. Data on DB0-DB7 is 

valid on rising edge of EOC and stays 

valid until next EOC rising edge. 

Data output 3. 

Output enable input. When OE = 0, 

DB0-DB7 are in high impedance 

state; OE = 1 , DB0-DB7 are active 

outputs. 

Clock. Clock input provides timing 

for A/D converter, S/H, and digital 

interface. 

Positive supply. 5V±107o. 

Positive reference voltage. 



PIN NO. NAME 



FUNCTION 



13 



23 



24 



25 



GND 



14 


DB1 


15 


DB2 


16 


-Vref 


17 


DBO 


18 


DB4 


19 


DB5 


20 


DB6 


21 


DB7 


22 


ALE 



ADDRO 



ADDR1 



ADDR2 



26 


INO 


27 


INI 


28 


IN2 



Ground. OV, all analog and digital in- 
puts or outputs are reference to this 
point. 

Data output 1 . 
Data output 2. 
Negative reference voltage. 
Data output 0. 
Data output 4. 
Data output 5. 
Data output 6. 
Data output 7. 

Address latch enable. Input to latch 
in the digital address (ADDR2-0) on 
the rising edge of the multiplexer. 
Address input to multiplexer. 
Digital input for selecting analog 
input. 

Address input 1 to multiplexer. 
Digital input for selecting analog 
input. 

Address input 2 to multiplexer. 
Digital input for selecting analog 
input. 

Analog input 0. 
Analog input 1. 
Analog input 2. 
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ABSOLUTE MAXIMUM RATINGS 

(Note 1) 

Supply Voltage, V^c 6,5V 

Voltage 

Logic Inputs -0.3V to Vcc + 0.3V 

Analog Inputs -0.3V to Vcc+0-3V 

Input Current per Pin (Note 2) ±25mA 

Storage Temperature -65°Cto +150°C 

Package Dissipation 
atTA = 25°C (Board Mount) 875mW 

Lead Temperature (Soldering 10 sec.) 

Dual-ln-Line Package (Plastic) 260°C 

Dual-ln-Line Package (Ceramic) 300°C 

Molded Chip Carrier Package 

Vapor Phase (60 sec.) 21 5°C 

Infrared (15 sec.) 220°C 



OPERATING CONDITIONS 

Supply Voltage, Vcc 4.5Vdc to 6.3Voc 

Temperature Range (Note 3) Tmin ^Ta^Tmax 

ML2258BMJ, ML2258CMJ -55°Cto +125°C 

ML2258BIJ, ML2258BIP 

ML2258BIQ, ML2258CIJ 

ML2258CIP, ML2258CIQ -40°Cto +85°C 



ELECTRICAL CHARACTERISTICS 



U niess otherwise specified, Ta = Tmin to Tmax/ Vcc = + Vref = 5V ■ 


t107o, -VREF = GNDandfcLK = 


= 10.24MHz 






NOTES 


CONDITIONS 


ML2258B 


ML2258C 




PARAMETER 


MIN 


TYP 
(NOTE 4) 


MAX 


MIN 


TYP 
(NOTE 4) 


MAX 


UNITS 



Converter and Multiplexer 



Total Unadjusted Error 


5,7 


Vref = Vcc 






±1/2 






±1 


LSB 


+ Vrep Voltage Range 


6 




-Vref 




Vcc + 0.1 


-Vref 




Vcc + 0.1 


V 


- Vref Voltage Range 


6 




GND-0.1 




±Vref 


GND-0.1 




+ Vref 


V 


Reference Input Resistance 


5 




14 


20 


28 


14 


20 


28 


kQ 


Analog Input Range 


5,8 




GND-0.1 




Vcc + 0.1 


GND-0.1 




Vcc + 0.1 


V 


Power Supply Sensitivity 


6 


DC 

Vcc = 5V±107o 




±1/32 


±1/4 




±1/32 


±1/4 


LSB 




lOOmVp-p 

100kHz Sine on Vco 




±1/16 






±1/16 




LSB 


•oFFr Off Channel Leakage 
Current (Note 9) 


5,9 


On Channel = Vcc 
Off Channel = 0V 


-1 






-1 






(lA 




On Channel = 0V 
Off Channel = Vcc 






1 






1 


fiA 


Iqn/ On Channel Leakage 
Current (Note 9) 


5,9 


On Channel = 0V 
Off Channel = Vcc 


-1 






-1 






liA 




On Channel = Vcc 
Off Channel = 0V 






1 






1 


IxA 



Digital and PC 



V||s|(i), Logical "1" Input 
Voltage 


5 




2.0 






2.0 






V 


V|N(0)/ Logical "0" Input 
Voltage 


5 








0.8 






0.8 


V 


liN(i), Logical "1" Input 
(iurrent 


5 


V,N = Vcc 






1 






1 


liA 


liN(o), Logical "0" Input 
Current 


5 


V,N = OV 


-1 






-1 






IlA 


VouT(i)/ Logical "1" 
Output Voltage 


5 


louT=-2mA 


4.0 






4.0 






V 


VouT(O)/ Logical "0" 
Output Voltage 


5 


Iqut = 2mA 






0.4 






0.4 


V 


Iqut/ Three-State Output 


5 


VouT-OV 


-1 






-1 






fiA 


Current 


VouT=Vcc 






1 






1 


fiA 


Icc/ Supply Current 


5 






1.5 


3 




1.5 


3 


mA 



2-% 
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ELECTRICAL CHARACTERISTICS (Continued) 



SYMBOL 



PARAMETER 



NOTES 



CONDITIONS 



TYP 
MIN (NOTE 4) MAX 



AC and Dynamic Performance Characteristics (Note 10) 



UNITS 



Uco 


Sample and Hold Acquisition 








4 




1/fcLK 


^CLK 


Clock Frequency 


5 




100 




10240 


kHz 


tc 


Conversion Time 


5 






67 


67 + 250ns 


1/fcLK 


SNR 


Signal to Noise Ratio 




V|N = 51kHz, SVSine. 

fcLK= 10.24MHz 

(^SAMPLING - 1 50kHz). Noise is Sum of 

All Nonfundamental Components up 

to1/2offsAMPLINC 




47 




dB 


THD 


Total Harmonic Distortion 




V|N = 51kHz, SVSine. 

fcLK= 10.24MHz 

(^SAMPLING = 1 50kHz). THD is Sum of 

2, 3, 4, 5 Harmonics Relative to 

Fundamental 




-60 




dB 


IMD 


Intermodulation Distortion 




V|N = fA + fB-U = 49kHz, 2.5V Sine. 
fB = 47.8kHz, 2.5V Sine, 
fcLK = 10.24MHz 

(fsAMPLING = 150kHz).IMDls(fA + fB), 
(fA-fs), (2fA + fB). (2fA-y. (fA + 2fB). 

(fA-2fB) Relative to Fundamental 




-60 




dB 


FR 


Frequency Response 




V|N = to 50kHz. 5V Sine Relative to 
1kHz 




0.1 




dB 


tDC 


Clock Duty Cycle 


6J1 




40 




60 


7o 


koc 


End of Conversion Delay 


5 






8 


8 + 250ns 


1%K 


tws 


Start Pulse Width 


5 




50 






ns 


tss 


Start Pulse Setup Time 


6,12 


Synchronous Only 


40 






ns 


twALE 


Address Latch Enable Pulse Width 


5 




50 






ns 


ts 


Address Setup 


5 











ns 


tH 


Address Hold 


5 




50 






ns 


tH1,H0 


Output Enable for DB0-DB7 


6 


Figure 1,Cl = 50pF 






100 


ns 




6 


Figure 1,Cl = 10pF 






50 


ns 


tlH,OH 


Output Disable for DB0-DB7 


6 


Figure 1,Cl = 50pF 






200 


ns 




6 


Figure 1,Cl=10pF 






100 


ns 


C,N 


Capacitance of Logic Input 








5 




PF 


COUT 


Capacitance of Logic Outputs 








10 




pF 



Note 1: Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless 

otherwise specified are measured with respect to ground. 

Note 2: When the input voltage (V|n) at any pin exceeds the power supply rails (V|n < V" or V|n > V^) the absolute value of current at 

that pin should be limited to 25mA or less. 

Note 3: - 55°C to +1 25°C operating temperature range devices are 1 00% tested at temperature extremes with worst-case test 

conditions. -40°Cto +85°C operating temperature range devices are 100% tested with temperature limits guaranteed by 100% 

testing, sampling, or by correlation with worst-case test conditions. 

Note 4: Typicals are parametric norm at 25°C. 

Note 5: Parameter guaranteed and 100% production tested. 

Note 6: Parameter guaranteed. Parameters not 100% tested are not in outgoing quality level calculation. 

Note 7: Total unadjusted error includes offset, full scale, linearity, multiplexer and sample and hold errors. 

Note 8: For -VREp>V|N(-f-) the digital output code will beOOOOOOOO. Two on-chip diodes are tied to each analog input which will 

forward conduct for analog input voltages one diode drop below ground or one diode drop greater than the Vcc supply. Be careful, 

during testing at low Vcc levels (4.5V), as high level analog inputs (5V) can cause this input diode to conduct— especially at elevated 

temperatures, and cause errors for analog inputs near full scale. The spec allows 1 0OmV forward bias of either diode. This means that as 

long as the analog Vin or Vref does not exceed the supply voltage by more than 1 0OmV, the output code will be correct. To achieve an 

absolute OVpc to SWqq input voltage range will therefore require a minimum supply voltage of 4. 900V ^c over temperature variations, 

initial tolerance and loading. 

Note 9: Leakage current is measured with the clock not switching. 

Note 10: CL = 50pF, timing measured at 50% point. 

Note 11: A 40% to 60% clock duty cycle range insures proper operation at all clock frequencies. In the case that an available clock has a 

duty cycle outside of these limits, the minimum time the clock is high or the minimum time the clock is low must be at least 40ns. The 

maximum time the clock can be high or low is 60/as. 

Note 12: The conversion start setup time requirement only needs to be satisfied if a conversion must be synchronized to a given clock 

rising edge. If the setup time is not met, start conversion will have an uncertainty of one clock pulse. 
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Figure 1 . High Impedance Test Circuits and Waveforms 
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Figure 2. Linearity Error vs fcLK 
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TYPICAL PERFORMANCE CURVES (Continued) 
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Figure 3. Linearity Error vs Vref Voltage 
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Figure 4. Unadjusted Offset Error vs Vrep Voltage 



J3^ Micro Linear 



2-99 



ML2258 

1.0 FUNCTrONAL DESCRIPTION 

1.1 MULTIPLEXERADDRESSING 

The ML2258 contains an 8-channel single ended analog 
multiplexer. A particular input channel is selected by using 
the address decoder. The relationship between the ad- 
dress inputs, ADDR0-ADDR2, and the analog input se- 
lected is shown in Table 1 . The address inputs are latched 
into the decoder on the rising edge of the address latch 
signal ALE. 

Table 1. Multiplexer Address Decoding 



SELECTED 


ADDRESS INPUT 


ANALOG CHANNEL 


ADDR2 ADDR1 ADDRO 


INO 





INI 


1 


iN2 


1 


IN3 


1 1 


iN4 


1 


INS 


1 1 


IN6 


1 1 


IN7 


1 1 1 



1.2 A/D CONVERTER 

The A/D converter uses successive approximation to per- 
form the conversion. The converter is composed of the 
successive approximation register, the DAC and the 
comparator. 

The DAC generates the precise levels that determine the 
linearity and accuracy of the conversion. The DAC is com- 
posed of a capacitor upper array and a resistor lower 
array. The capacitor upper array generates the 4 MSB deci- 
sion levels while the series resistor lower array generates 
the 4 LSB decision levels. A switch decoder tree is used to 
decode the proper level from both arrays. 

The capacitor/resistor array offers fast conversion, superior 
linearity and accuracy since matching is only required be- 
tween 2"^= 16 elements (as opposed to 2^ = 256 elements in 
conventional designs). And since the levels are based on 
the ratio of capacitors to capacitors and resistors to resis- 
tors, the accuracy and long term stability of the converter 



is improved. This also guarantees monotonicity and no 
missing codes, as well as eliminating any linearity tem- 
perature or power supply dependence. 

The successive approximation register is a digital block 
used to store the bit decisions from the conversion. 

The comparator design is unique in that it is fully differen- 
tial and auto zeroed. The fully differential architecture pro- 
vides excellent noise Immunity, excellent power supply 
rejection, and wide common mode range. The compara- 
tor is auto zeroed at the start of each conversion in order 
to remove any DC offset and full scale gain error, thus im- 
proving accuracy and linearity. 

Another advantage of the capacitor array approach used 
in the ML2258 over conventional designs is the inherent 
sample and hold function. This true S/H allows an accu- 
rate conversion to be done on the input even if the analog 
signal is not stable. Linearity and accuracy are maintained 
for analog signals up to 1 /2 the sampling frequency. As a 
result, input signals up to 75kHz can be converted without 
degradation in linearity or accuracy. 

The sequence of events during a conversion is shown in 
Figure 5. The rising edge of a START pulse resets the in- 
ternal registers and the falling edge initiates a conversion 
on the next rising edge of CLK. Four CLK pulses later, sam- 
pling of the analog input begins. The input is then sampled 
for the next four CLK periods until EOC goes low. EOC 
goes low on the rising edge of the 8th CLK pulse indicating 
that the conversion is now beginning. The actual conver- 
sion now takes place for the next 56 CLK pulses, one bit 
for each 7 CLK pulses. After the conversion is done, the 
data is updated on DB0-DB7 and EOC goes high on the 
rising edge ofthe 67th CLK pulse, indicating that the 
conversion has been completed and data is valid on 
DB0-DB7. The data will stay valid on DB0-DB7 until the 
next conversion updates the data word on the next rising 
edge of EOC. 

A conversion can be interrupted and restarted at anytime 
by a new START pulse. 




|-««-tws-*^ 



ADDR0-ADDR2 



1 



PREVIOUS DATA 



< 



|^=M-*| ^ 



A r 



Figures. Timing Diagram 
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1,0 FUNCTIONAL DESCRIPTION (Contrnued) 



1.3 ANALOG INPUTS AND SAMPLE/HOLD 

The ML2258 has a true sample and hold circuit which 
samples both the selected input and ground simultane- 
ously. This simultaneous sampling with a true S/H will give 
common mode rejection and AC linearity performance 
that is superior to devices where the two input terminals 
are not sampled at the same instant and where true sample 
and hold capability does not exist. Thus, the ML2258 can 
reject AC common mode signals from DC-50kHz as well 
as maintain linearity for signals from DC-SOkHz. 

The plot below (Figure 6) shows a 2048 point FFT of the 
ML2258 converting a 50kHz, to 5V, low distortion sine 
wave input. The ML2258 samples and digitizes, at its 
specified accuracy, dynamic input signals with frequency 
components up to the Nyquist frequency (one-half the 
sampling rate). The output spectra yields precise measure- 
ments of input signal level, harmonic components, and 
signal to noise ratio up to the 8-bit level. The near ideal 
signal to noise ratio is maintained independent of increas- 
ing analog input frequencies to 50kHz. 

The signal at the analog input is sampled during the inter- 
val when the sampling switch is open prior to conversion 
start. The sampling window (S/H acquisition time) is 4 CLK 
periods long and occurs 4 CLK periods after START goes 
low. When the sampling switch closes at the start of the 
S/H acquisition time, 8pF of capacitance is thrown onto 
the analog input. 4 CLK periods later, the sampling switch 
opens, the signal present at analog input is stored and con- 
version starts. Since any error on the analog input at the 
end of the S/H acquisition time will cause additional con- 
version error, care should be taken to insure adequate set- 
tling and charging time from the source. If more charging 
or settling time is needed to reduce these analog input er- 
rors, a longer CLK period can be used. 



The ML2258 has improved latchup immunity. Each analog 
input has dual diodes to the supply rails, and a minimum 
of ± 25mA (± 100mA typically) can be injected into each 
analog input without causing latchup. 

1.4 REFERENCE 

The voltage applied to the + Vref and - Vref inputs de- 
fines the voltage span of the analog input (the difference 
between Vinmax and Vinmin) over which the 256 possible 
output codes apply. The devices can be used in either ra- 
tiometric applications or in systems requiring absolute ac- 
curacy. The reference pins must be connected to a voltage 
source capable of driving the reference input resistance, 
typically 20k. 

In a ratiometric system, the analog input voltage is propor- 
tional to the voltage used for the A/D reference. This volt- 
age is typically the system power supply, so the + Vref P'n 
can be tied to Vcc and -VREptied to GND. This technique 
relaxes the stability requirements of the system reference 
as the analog input and A/D reference move together 
maintaining the same output code for a given input 
condition. 

For absolute accuracy, where the analog input varies be- 
tween specific voltage limits, the reference pins can be 
biased with a time and temperature stable voltage source. 

In contrast to the ADC0808 and ADC0809, the ML225B 
-Vref and + Vref reference values do not have to be sym- 
metric around one half of the supply. -I- Vref and -Vref 
can be at any voltage between Vccand GND. In addition, 
the difference between -i- Vref and -Vref can be set to 
small values for conversions over smaller voltage ranges. 
Particular care must be taken with regard to noise pickup, 
circuit layout and system error voltage sources when 
operating with a reduced span due to the increased 
sensitivity of the converter. 
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1.0 FUNCTIONAL DESCRIPTION (Continued) 



1.5 POWER SUPPLY AND REFERENCE DECOUPLING 

A ^Ofl? electrolytic capacitor is recommended to bypass 
Vcc to GND, using as short a lead length as possible. In 
addition, with clock frequencies above 1MHz, aO.l/iF 
ceramic disc capacitor should be used to bypass Vcc to 
GND. 

If REF+ and REF- inputs are driven by long lines, they 
should be bypassed by 0. VF ceramic disc capacitors at 
the reference input pins (pins 12, 16). 

1.6 DYNAMIC PERFORMANCE 
Signal-to-Noise Ratio 

Signal-to-noise ratio (SNR) is the measured signal to noise 
at the output of the converter. The signal is the rms magni- 
tude of the fundamental. Noise is the rms sum of all the 
nonfundamental signals up to halfthe sampling frequency. 
SNR is dependent on the number of quantization levels 
used in the digitization process; the more levels, the 
smaller the quantization noise. The theoretical SNR for a 
sine wave is given by 

SNR = (6.02N-Hl.76)dB 

where N is the number of bits. Thus for ideal 8-bit con- 
verter, SNR =49.92dB. 

Harmonic Distortion 

Harmonic distortion is the ratio of the rms sum of harmon- 
ics to the fundamental. Total harmonic distortion (THD) of 
the ML2258 is defined as 



20 log 



(V2^ + V3^-hV4^-hV5^)^^ 
Vl 



where V^ is the rms amplitude of the fundamental and V2, 
^3/ V4, V5 are the rms amplitudes of the individual 
harmonics. 



Intermodulation Distortion 

With inputs consisting of sine waves at two frequencies, fA 
and fe, any active device with nonlinearities will create 
distortion products, of order (m + n), at sum and difference 
frequenciesof mfA-i-nfe, where m,n=0, 1,2, 3,... . Inter- 
modulation terms are those for which m or n is not equal 
to zero. The ML2258 (IMD) intermodulation distortion 
specification includes the second order terms (fA-t-fe) and 
(fA-fe) and the third order terms (2fA-HfB)/ (2fA-%)/ 
(fA + 2fB) and (fA-2fB) only. 

1.7 DIGITAL INTERFACE 

The analog inputs ar^ selected by the digital addresses, 
ADDR0-ADDR2, and latched on the rising edge of ALE. 
This is described in the Multiplexer Addressing section. 

A conversion is initiated by the rising edge of a START 
pulse. As long as this pulse is high, the internal logic is 
reset. 

The sampling interval starts with the 4th CLK rising edge 
after a START falling edge and ends on the 8th rising edge 
of CLK, 4 CLK periods later. On the rising edge of the 8th 
CLK pulse, the conversion starts and EOC goes low. 

Each bit conversion in the successive approximation proc- 
ess takes 7 CLK periods. On the rising edge of the 64 CLK 
pulse, the digital output of the conversion is updated on 
the outputs DB0-DB7. On the rising edge of the 65th CLK 
pulse, EOC goes high indicating the conversion is done 
and data on DB0-DB7 is valid. 

One feature of the ML2258 over conventional devices is 
that the data is double buffered. This means that the out- 
puts DB0-DB7 will stay valid until updated at the end of 
the next conversion and will not become invalid when the 
next conversion starts. This facilitates interfacing with ex- 
ternal logic of ^P. 

The signal OE drives the data bus, DB0-DB7, into the high 
impedance state when held low. This allows the ML2258 
to be tied directly to a fiP system bus without any latches 
or buffers. 
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2.0 TYPICAL APPLICATIONS 
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Figure 7. Protecting the Input 
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Figure 9. Continuous Conversion Mode 
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ORDERING INFORMATION 


PART NUMBER 


ALTERNATE 
PART NUMBER 


TOTAL 
UNADJUSTED ERROR 


TEMPERATURE 
RANGE 


PACKAGE 


ML2258BMJ 
ML2258BIJ 
ML2258BIP 
ML2258BIQ 


ADC0808CJ 
ADC0808CCJ 
ADC0808CCN 
ADC0808CCV 


±1/2LSB 


-55°Cto+125°C 
-40°Cto +85°C 
-40°Cto +85°C 
-40°Cto +85°C 


Hermetic DIP 
Hermetic DIP 
Molded DIP 
Molded (PCC) 


ML2258CIJ 
ML2258CIP 
ML2258CIQ 


ADC0809CCN 
ADC0809CCV 


+ 1LSB 


-40°Cto +85°C 
-40°Cto +85°C 
-40°Cto +85°C 


Hermetic DIP 

Molded DIP 

Molded (PCC) 
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//P Compatible High-Speed 8-Bit 
A/D Converter with T/H (S/H) 



GENERAL DESCRIPTION 

The ML2261 is a high-speed, /j? compatible 8-bit A/D 
converter with a conversion time of 670ns over the 
operating temperature range and supply voltage 
tolerance. The ML2261 operates from a single 5V 
supply and has an analog input range from GND to 
Vcc- 

The ML2261 has two different pin selectable modes. 
The T/H mode has an internal track and hold. The S/H 
mode has a true internal sample and hold and can 
digitize to 5V sinusoidal signals as high as 500kHz. 
Timing is compatible with the AD7821. 

The ML2261 digital interface has been designed so that 
the device appears as a memory location or I/O port 
to a fjR 

The ML2261 is an enhanced, pin compatible second 
source for the industry standard ADC0820 and AD7820. 
The ML2261 enhancements are faster conversion time, 
parameters guaranteed over the supply tolerance and 
temperature range, improved digital interface timing, 
superior power supply rejection, and better latchup 
immunity on analog inputs. 



FEATURES 

■ Conversion time, WR-RD mode over temperature 
and supply voltage tolerance 

Track & Hold Mode 800ns max 

Sample & Hold Mode 670ns max 

■ Total unadjusted error ±1/2 LSB or ±1 LSB 

■ Digitizes a 5V, 250kHz sine wave to 8-bit accuracy 

■ No missing codes 

■ OV to 5V analog input range with single 5V power 
supply 

■ No zero or full scale adjust required 

■ Analog input protection 25mA min 

■ Operates ratiometrically or with up to 5V voltage 
reference 

■ No external clock required 

■ Easy interface to /jP, or operates stand alone 

■ Power-on reset circuitry 

■ Low power 75mW 

■ Standard 20-pin DIP or surface mount PCC 

■ Superior pin compatible replacement for ADC0820 
and AD7820 



BLOCK DIAGRAM 



PIN CONNECTIONS 




20-Pin DIP 



20-Pin PCC 




INT |-Vref I CS 

GND +Vref 

TOP VIEW 



CS WR/RDY RD 
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PIN DESCRIPTION 



PIN NO. 



NAME 



FUNCTION 



1 


V|N 


2 


DBO 


3 


DB1 


4 


db!2 


5 


DB3 


6 


WR/RDY 



MODE 



RD 



INT 



Analog input. 

Data output — bit (LSB). 

Data output — bit 1. 

Data output — bit 2. 

Data output — bit 3. 

Write input or ready out put. In 
WR-RD mode, this pin is WR 
input. In RD mode, this pin is 
RDY open drain output. See 
Digital Interface section. 

Mode select Input. 
MODE = GND: RD mode 
MODE = Vcc: WR-RD mode 

Pin has internal current source 

pulldown to GND. 

Read input. In RD mode, this 
pin initiates a conversion. In 
WR-RD mode, this pin latches 
data into output latches. See 
Digital Interface section. 

Interrupt output. This output 
signals the end of a conversion 
and indicates that data is valid 
on the data outputs. See Digital 
Interface section. 



PIN NO. 



19 



NAME 



FUNCTION 



Ground. 

Negative reference voltage for 
A/D converter. 

Positive reference voltage for 
A/D converter. 

Chip select input. This pin must 
be held low for the device to 
perform a conversion. 

Data output — bit 4. 

Data output — bit 5. 

Data output — bit 6. 

Data output — bit 7 (MSB). 

Overflow output. This output 
goes low at end of conversion 
if V|N is greater than 

+Vref - V2LSB. 

S/H, T/H mode select. When 
SH/TH = Vco the device is in 
sample and hold mode. When 
SH/TH = GND, the device Is in 
track and hold mode. Pin has 
internal pulldown current 
source to GND. 

Vcc Positive supply. +5 volts ± 5%. 



10 


GND 


11 


-Vref 


12 


+Vref 


13 


cs 


14 


DB4 


15 


DBS 


16 


DB6 


17 


DB7 


18 


OFL 



SH/TH 



20 



ABSOLUTE MAXIMUM RATINGS 

(Note 1) 

Supply Voltage, Vcc 6.5V 

Voltage 

Logic Inputs -0.3V to Vcc + 0.3V 

Analog Inputs -0.3V to Vcc + 0.3V 

Input Current per Pin (Note 2) ±25mA 

Storage Temperature -65°C to +150°C 

Package Dissipation 
at Ta = 25*'C (Board Mount) 875mW 

Lead Temperature (Soldering 10 sec.) 

Dual-ln-Line Package (Plastic) 260°C 

Dual-ln-Line Package (Ceramic) 300°C 

Molded Chip Carrier Package 

Vapor Phase (60 sec.) 215°C 

Infrared (15 sec.) 220°C 



OPERATING CONDITIONS 

Supply Voltage, Vcc 4.5Vdc to 6.0Vdc 

Temperature Range (Note 3) T/vhn ^ T^ ^ Tmax 

ML2261 BMJ, ML2261CMJ -55°C to +125°C 

ML2261BIJ, ML2261CIJ -40°C to +85*'C 

ML2261BCQ, ML2261CCQ 

ML2261BCR ML2261CCP 0°C to +70°C 
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ELECTRICAL CHARACTERISTICS 

Unless otherwise specified, Ta = Tmin to Tmax/ Vcc = "^Vref = 5V + 5%, and -Vref = GND 



PARAMETER 



NOTES 



CONDITIONS 



ML2261XCX 



MIN 



TYP 

(Note 4) 



MAX 



ML2261XIX, ML2261XMX 



MIN 



TYP 

(Note 4) 



MAX 



UNITS 



Converter 



Total Unadjusted Error 
ML2261BXX 
ML2261CXX 


5, 7 


Vref = Vcc 






±1/2 
±1 






±1/2 
±1 


LSB 
LSB 


+Vrep Voltage Range 


6 




-Vref 




Vcc+0.1 


-Vref 




Vcc+0.1 


V 


-Vref Voltage Range 


6 




GND-0.1 




+Vref 


GND-0.1 




+Vref 


V 


Reference Input 
Resistance 


5 




1 


2 


3 


1 


2 


3 


kO 


Analog Input Range 


5, 8 




GND-0.1 




Vcc+0.1 


GND-0.1 




Vcc+0.1 


V 


Power Supply Sensitivity 


5 


DC 

Vcc = 5V ± 5%, Vref = 4.75V 




±1/32 


±1/4 




±1/32 


±1/4 


LSB 




100mVp-p 

100kHz sine on Vco 

V,N = 




±1/16 






±1/16 




LSB 


Analog Input Leakage 
Current 


5, 9 


Converter Idle 


-1 




+1 


-1 




+1 


M 


Analog Input Capacitance 




During Acquisition Period 




45 






45 




pF 



Digital and DC 



V|N(iv Logical "1" Input 


5 


WR, RD, CS 


2.0 






2.0 






V 


Voltage 


MODE, SH/TH 


Vcc-0.5 






Vcc-0.5 






V 


V|N(ov Logical "0" Input 


5 


WR, RD, CS 






0.8 






0.8 


V 


Voltage 


MODE, SH/TH 






0.5 






0.5 


V 


liN(iv Logical "1" 


5 


V,H = Vcc 


WR, RD, CS 






1 






1 


M 


Input Current 


MODE, SH/TH 


15 


50 


150 


15 


50 


150 


M 


l,N(ov Logical "0" 


5 


V,L = GND 


WR, RD, CS 


-1 






-1 






M 


Input Current 


MODE, SH/TH 


-20 






-20 






M 


VouTdV Logical "1" 
Output Voltage 


5 


Iqut = -2mA 


4.0 






4.0 






V 


VouT(0)r Logical "0" 
Output Voltage 


5 


Iqut = 2mA 






0.4 






0.4 


V 


IquT/ Three-State Output 


5 


VouT = OV 


-1 






-1 






M 


Current 


VouT = Vcc 






1 






1 


//A 


CouTr Logic Output 
Capacitance 








5 






5 




pF 


C|N, Logic Input 
Capacitance 








5 






5 




pF 


Ico Supply Current 


5 


CS = WR = RD = "1" 
No Output Load 




10 


16 




10 


17.5 


mA 
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ELECTRICAL CHARACTERISTICS (Continued) 

Unless otherwise specified, Ta = Tmin to Tma)o Vcc = +Vref = 5V ± 5%, -Vref = GND, and timing measured at 1.4V, 
Cl = 100pF. 



PARAMETER 



NOTES 



CONDITIONS 



ML2261XCX 



MIN 



TYP 

(Note 4) 



MAX 



ML2261XIX, ML2261XMX 



MIN 



TYP 

(Note 4) 



MAX 



UNITS 



AC and Dynamic Perfomiance (Note 9) 



tcRD/ Conversion Time, 
Read Mode 


5 


RD to INT, MODE = OV 






1020 






1100 


ns 


tcwR-RD/ Conversion Time, 
Write-Read Mode 


5,9 


WR Falling 
Edge to INT, 

tRD < t|NT/ 

MODE = Vcc 


SH/TH = Vcc 






670 






725 


ns 




SH/TH=GND 






800 






880 


ns 


SNR, Signal to Noise Ratio 




V|N = 5V, 250kHz 

Noise Is sum of ail 

nonfundamental 

components 

from 0-500kHz. 

SH/TH = Vco MODE = Vcc 

fsAMPLING = '' /^HZ 




48 






48 




dB 


HD, Harmonic Distortion 




V|N = 5V, 250kHz 

THD is sum of 2-5th 

harmonics relative to 

fundamental. 

SH/TH = Vco MODE = Vcc 

fsAMPLING = '' MHz 




-63 






-63 




dB 


IMD, Intermodulation 
Distortion 




fa = 2.5V, 250kHz 

fb = 2.5V, 248kHz 

1MB is (fa + fb), (fa - fb), 

(2fa + fb), (2fa - fb), 

(fa + 2fb), or (fa - 2fb) 

relative to fundamental. 

SH/TH = Vco MODE = Vcc 

fsAMPLING = 1 MHz 




-60 






-60 




dB 


FR, Frequency Response 




V,N = 5V, 0-250kHz 

Relative to 1kHz 

SH/TH = Vco MODE = Vcc 

fsAMPLING = 1 MHz 




+0.1 






±0.1 




dB 


SR, Slew Rate Tracking 


6 


SH/TH = Vcc 






4.0 






4.0 


V///S 


SH/TH = GND 






.25 






.25 


V///S 



AC Performance Read Mode (Pin 7 


= OV), Figure 2 
















tRDYr CS to RDY Delay 


5 









50 







55 


ns 


tRDD/ RD Low to 
RDY Delay 


5,10 


Figure 1 






1020 






1100 


ns 


tcss, CS to RD, WR 
Setup Time 


5 


















ns 


tcsH/ CS to RD, WR 
Hold Time 


5 


















ns 


tcRD/ Conversion Time — 
RD Low to INT Low 


5, 10 








1020 






1100 


ns 
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ELECTRICAL CHARACTERISTICS (Continued) 

Unless otherwise specified, Ta = Tmin to ^M/oo Vcc = +Vref = 5V + 5%, -Vref = GND, and timing measured at 
Cl = 100pF 



1.4y 



PARAMETER 



NOTES 



CONDITIONS 



ML2261XCX 



MIN 



TYP 

(Note 4) 



MAX 



ML2261XIX, ML2261XMX 



MIN 



TYP 

(Note 4) 



MAX 



UNITS 



AC Performance Read Mode (Pin 7 


= OV), Figure 2 (Continued) 
















tAcco/ Data Access Time 
RD to Data Valid 


5 




tCRD 




tCRD+30 


tCRD 




tcRD+30 


ns 


tRDPw, RD Pulse Width 


5 




tcRD+30 






tcRD+30 






ns 


tiNTH/ RD to INT Delay 


5, 10 









60 







70 


ns 


toH/ Data Hold Time — 
RD Rising Edge to Data 
High Impedance State 


6, 10 


Figure 1 







50 







60 


ns 


tp, Delay Time Between 
Conversions — INT Low 


5, 10 


Sample & Hold Mode, 
SH/TH = Vcc 


300 






325 






ns 


to RD Low 


Track & Hold Mode, 
SH/TH = GND 


240 






260 






ns 



AC Performance Write-Read Mode (Pin 7 = 5V), Figures 3 and 4 
















tcss, CS to RD, WR 
Setup Time 


5 


















ns 


tcsH. CS to RD, WR 
Hold Time 


5 


















ns 


twR, WR Pulse Width 


5 


SH/TH = Vcc 


180 




50K 


195 




50K 


ns 


6 


SH/TH = GND 


320 




50K 


360 




50K 


ns 


tRD, Read Time — WR 
High to RD Low Delay 


5 


tRD < t|NTL 


275 






300 






ns 


tRi, RD to INT Delay 


5, 10 


tRD < tiNTL 







215 







230 


ns 


tACCi/ Data Access Time 
— RD Low to Data Valid 


5 


tRD < tiNTL 







220 







240 


ns 


tcwR-RD/ Conversion Time 
— WR Falling Edge to 
INT Low 


5,9,10 


tRD < tlNTU SH/TH = Vcc 






670 






725 


ns 


6,9,10 


tRD < tiNTU SH/TH = GND 






800 






880 


ns 


t|NTL/ Internal Comparison 
Time — WR Rising Edge 
to INT Low 


5, 10 


tRD > t|NjL 






620 






670 


ns 


tAcc2/ Data Access Time 
— RD to Data Valid 


5 


tRD > t|NTL 







50 







60 


ns 


tpH/ Data Hold Time — 
RD Rising Edge to Data 
High Impedance State 


6, 10 


Figure 1 







50 







60 


ns 


t|NTH/ RDt to INTt Delay 


5, 10 









60 







70 


ns 


tp, Delay Time Between 
Conversions — INT Low 


5, 10 


Sam^e & Hold Mode, 
SH/TH = Vcc 


300 






325 






ns 


to WR Low 


Track & Hold Mode, 
SH/TH = GND 


240 






260 






ns 


tiHWR/ WRt to INTt Delay 


5, 10 


Standalone Mode 







90 







100 


ns 


t|D/ ^^ to Data 
Valid Delay 


5, 10 


Standalone Mode 







20 







30 


ns 
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Note 1: 
Note 2: 
Note 3: 



Note 4: 
Note 5: 
Note 6: 
Note 7: 



Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 

specified are measured with respect to ground. 

When the voltage at any pin exceeds the power supply rails (V|js^ < GND or Vin > V^^) the absolute value of current at that pin 

should be limited to 25mA or less. 

-55°C to +125°C operating temperature range devices are 100% tested at temperature extremes with worst-case test conditions. 

0°C to +70°C and -40°C to +85°C operating temperature range devices are 100% tested with temperature limits guaranteed by 100% 

testing, sampling, or by correlation with worst-case test conditions. 

Typicals are parametric norm at 25°C. 

Parameter guaranteed and 100% production tested. 

Parameter guaranteed. Parameters not 100% tested are not in outgoing quality level calculation. 

Total unadjusted error includ es o ffset, full scale, linearity, and sample and hold errors. Total unadjusted error is tested a t the 

minimum specified times for WR, RD, t^i, and tp. For example, for the ML2261XCX in the sample and hold mode, WR/RD mode: twR = 

180ns, tRD = 275ns with a frequency of 1.031MHz (cycle time of 970ns). 

For -Vrep > ViN the digital output code will be 0000 0000. Two on-chip diodes are tied to the analog input which will forward conduct 

for analog input voltages one diode drop below ground or one diode drop greater than the V^^ supply. Be careful, during testing at 

low \/qq levels (4.5V), as high level analog inputs (5V) can cause this input diode to conduct — especially at elevated temperatures, and 

cause errors for analog inputs near full scale. The spec allows 100mV forward bias of either diode. This means that as long as the analog 

VjN or Vrep does not exceed the supply voltage by more than 100mV, the output code will be correct. To achieve an absolute OV^c to 

SVqc input voltage range will therefore require a minimum supply voltage of 4.90(Nqc over temperature variations, initial tolerance and 

loading. 



Note 9: 
Note 10: 



Conversion time, write-read mode = tw 



" tRD + tRi 



Defined from the time an output crosses 0.8V or 2.4V. 



DATA 
OUTPUT 



lOpF 



T 



OUTPUT 
ENABLE 



Vcc '■ 

GND -10% 
VoH 



GND- 



tlH |-« 

ivoH-IOOr 





Vol 



Figure 1. High Impedance Test Circuits and Waveforms 
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A 



jr\. 



DVh* 



J 



-tRDD- 



[^. 



WITH EXTERNAL PULL-UP 
tiNTH 



k— til 

Jr 



■ ^ VALID 
DATA 



— »Ht[ 



' IN SAMPLE & HOLD MODE A PULL UP RESISTOR 
ON RDY SHOULD NOT BE USED UNLESS 
CSi IS > 20ns BEFORE RDi. 

Figure 2. RD Mode Timing 
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^ 



WR 

tcss-* 

RD 






a ^ 






\ 



f 



\ 



< 



f 



e-tlNTH 
\\^ 



VALID 
DATA 

--J tDH 



Figure 4. WR-RD Mode Timing (Ird < tiNii) 
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WR 
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RD 



A 
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^ 



Figure 3. WR-RD Mode Timing (tRo > Iintl) 
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Figure 5. WR-RD Mode Stand-Aione Timing CS = RD = 
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1.0 FUNCTIONAL DESCRIPTION 



The ML2261 uses a two stage flash technique for A/D 
conversion. This technique first performs a 4 bit flash 
conversion on V|n to determine the 4 MSB's. These 
4 MSB's are then cycled through an internal DAC to 
recreate the analog input. This reconstructed analog 
Input signal from the DAC is then subtracted from the 
input, and the difference voltage is converted by a 
second 4 bit flash conversion, providing the 4 LSB's of 
the output data word. An additional overrange function 
detects if V|n is greater than +Vref - V2LSB. 

1.1 ANALOG INPUT 

The analog input on the ML2261 behaves differently 
than inputs on conventional converters. The analog 
input current requirements change while the 
conversion is in progress, and the amount of input 
current depends on what cycle the converter is in. 

The equivalent input circuit for the converter is shown 
in Figu re 6 . When the conversion starts in the T/H 
mode (WRi in the WR-RD mode or RDi in the RD 
mode) S1, S4 and S6 close and S3 opens. This period is 
known as the acquisition period where the MSB flash 
converter tracks the input signal and the LSB flash 
converter samples it. During this period, V|n is 
connected to the 16 MSB and 15 LSB comparators. 
Thus 38 pF of input capacitance must be charged up 
through the combined Rqn resistance of the internal 
analog switches plus any external source resistance, Rs. 
In addition, there Is a stray capacitance of approximately 
11 pF that needs to be charged through the external 
source resistance Rs- This period ends in the WR-RD 
mode when WRt or by an internal timer in the RD 
mode. At this point SI and S4 open and the analog 
input at V|N is no longer being sampled; thus during 
this time the analog voltage on Vim does not affect 
converter performance. 



n 



■=• ±11pF 



Rs 

VlN-WV- 



RON 



VA on < 

TOMS ^^, 
I AnrtFR — cr__ i 



IpF 

.IpFl 



° 1 %i <!?R 



2K 
Ron 



ii 



16 MSB COMPARATORS 



Ron ^ 1-34PF 

-VA — cr\ o- 



TO LS o^c 

LADDER S5 



4: 



^.65pF 
15 LSB COMPARATORS 



.lpFj_ 
I 



3.6K 
Ron 



^ r 



Figure 6. Converter Equivalent Input Circuit 



As shown above, the critical period for charging up the 
analog input occurs when the MSB and LSB 
comparators are sampling the input, known as the 
acquisition period. The source of the external signal on 
V|N must adequately charge up the analog voltage 
during the acquisition period. To do this, the input 
must settle within the required analog accuracy 
tolerance at least 50ns before the end of the acquisition 
period so that the MSB comparators have adequate 
time to make the correct decision. If more time Is 
needed due to finit e cha rging or settling time of the 
external source, the WR low period can be extended in 
WR-RD mode. In RD mode, since the acquisition time 
is fixed by internal delays, the burden is on the external 
source to charge up and settle the input adequately. 

When the ML2261 operates in the S/H mode (pin 19 = 
Vcc) both the MSB and the LSB flash converter perform 
a true sample and hold operation during the 
acquisition or sampling period. This period starts after 
th e fal ling edge of INT and ends with the falling edge 
of WR in the WR-RD mode or the falling edge of RD in 
the RD mode. The duration of this period is user 
controlled and must satisfy a minimum of tp. 

During this period SI, S3, S4 and S6 close, therefore 46 
pF of input capacitance must be charged up in addition 
to the 11 pF of stray capacitance. 

1.2 TRACK AND HOLD vs. SAMPLE AND HOLD 

The MSB Flash Converter of the ML2261 in T/H mode 
has a track and hpid mechanism for sampling the input. 
The input is attached to the MSB comparators directly 
in the MSB compare cycle, or acquisition period. When 
the MSB compare cycle ends, the state of the MSB 
comparators is latched. The LSB Flash Converter always 
performs a S/H operation. Thus, the analog input signal 
can be changing during the MSB compare cycle, or 
acquisition period, and the MSB comparators will be 
tracking it as long as the slew rate of the analog input 
is slow enough so that the MSB comparators can 
respond. The ML2261 can track and hold signals with 
slew rates as high as .25V///S (16kHz @ 5 volts) without 
sacrificing conversion accuracy. 

The ML2261 in S/H mode does not have the slew rate 
limitation of the T/H mode since an internal sample and 
hold acquires the analog signal, holds It internally, and 
then performs a conversion. Since this is a true sample 
and hold function, the S/H mode can theoretically 
digitize signals of frequencies much higher than the 
T/H mode. The ML2261 in S/H mode can digitize 
signals of frequencies as high as 250kHz @ 5V (slew 
rates as high as 4V//ys) without sacrificing conversion 
accuracy. In most applications, the S/H mode is more 
desirable than T/H mode because of the better dynamic 
performance. 
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1.2.1 CONVERTER — T/H MODE 

The operating sequence for the WR-RD mode is 
illustrated in Figure 7a . Init ially, the internal comparators 
are auto-zeroed while WR is h igh. A conv ersio n is 
initiated by the falling edge of WR. While WR is low, 
the MSB comparators are tracking the analog input and 
comparing this voltage against voltages from the 
internal resistor ladder. At the same time, the input is 
being acquire d or sampled by LSB comparators. On the 
rising edge of WR, the MSB comparator results are 
latched, and the LSB acquisition time is ended by 
closin g the sampling switch to the LSB comparators. 
While WR is high, the LSB comparators then compare 
the residual input voltage against internal voltages from 
the resistor ladder to determine the 4 LSB's . Wh en the 
LSB comparison or conversion is complete, INT goes 
low and latches the conversion result into the output 
latch es. Then, the comparators are auto-zeroed while 
WR is high before another conversion can start. 

The operating sequence for RD mode, is similar to that 
described above for the WR-RD mode, except the 
conversion is initiated by the falling edge of RD, and 
the MSB and LSB conversions are generated by internal 
clock edges that are generated while RD is low. 



1.2.2 CONVERTER — S/H MODE 

The operating sequence for S/H mode is illustrated in 
Figure 7b. Notice that it is similar to T/H mode 
described above except this mode has a tr ue sample 
and hold function. The falling edge of INT closes the 
sampling switch and starts the acquisition period where 

the analog input is sampled at the same time all 

comparators are auto-zeroed. The falling edge of WR 
opens the internal sampling switch, ends the acquisition 
period, and starts the conversion on the internally 
sample and held sig nal. T he MSB comparators make 
their decisions while WR is low. On the rising edge of 
WR, the MSB comparator results are la tched . The LSB 
comparators make their decision when WR is high. 
Wh en the LSB comparison or conversion is complete, 
INT goes low and latches the conversion result into the 
output buffers. Then, the acquisition period begins 
again and the converter is ready for the next 
conversion. 

The operating sequence for the RD mode is the same 
as the WR-RD mode, except the conversion is initiated 
by the falling edge of RD, and the MSB and LSB 
conversions are generated by internal clock edges that 
are generated while RD is low. 



a). T/H Mode 



\ / 



ALL COMPARATORS 
AUTOZEROED. 



ACQUISITION 
PERIOD. MSB 
COMPARATORS 
ARE TRACKING 
V|N. LSB 
COMPARATORS 
ARE SAMPLING 
ViN. 



LSB 

COMPARATORS 

DECIDING. 



CONVERSION 
STARTS. 



V|N SAMPLING 
ENDS. MSB 
COMPARATOR 
RESULTS ARE 
LATCHED. 



RD BROUGHT LOW 
LATCHES LSB 
COMPARATOR 
RESULTS AND 
BRINGS INT LOW. 



b). S/H Mode 



ACQUISITION 
OR SAMPLING 
PERIOD. ALL 
COMPARATORS 
AUTOZEROED. 



MSB 

COMPARATORS 

DECIDING. 



CONVERSION 
STARTS. 

V|N SAMPUNG 
ENDS. HOLD 
TIME STARTS. 



LSB 

COMPARATORS 

DECIDING. 



MSB 

COMPARATOR 
RESULTS ARE 
LATCHED. 



RD BROUGHT LOW 
lATCHES LSB 
COMPARATOR 
RESULTS AND 
BRINGS INT LOW. 



Figure 7. Operating Sequence (WR-RD Mode) 
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1.3 REFERENCE 

The +Vref cind -Vref inputs are the reference voltages 
that determine the full scale and zero input voltages, 
respectively, for the A/D converter. Thus, +Vref defines 
the analog input which produces a full scale output and 
-Vref defines the analog input which produces an 
output code of all zeroes. The transfer function for the 
A/D converter is shown in Figure 8. 

+Vref and -Vref can be set to any voltage between GND 
and Vcc- This means that the reference voltages can be 
offset from GND and the difference between +Vref+ and 
-Vref- can be made small to increase the resolution of 
the conversion. Note that the total unadjusted error 
increases when [+Vref - (Vref)] decreases. 




1LSB2LSB'S3LSB'S V pS 

FS - 1LSB 
A|N, INPUT VOLTAGE (IN TERMS OF LSB'S) 

Figure 8. A/D Transfer Characteristic 

1.4 POWER SUPPLY AND REFERENCE DECOUPLING 

A O.lyuF ceramic disc capacitor is recommended to 
bypass Vcc to GND, using as short a lead length as 
possible. 

If REF+ and REF- inputs are driven by long lines, they 
should be bypassed by 0.1/iF ceramic disc capacitors at 
the reference input pins. 

1.5 DYNAMIC PERFORMANCE 

1.5.1 SINUSOIDAL INPUTS 

Since the ML2261 has an internal sample and hold, the 
device can digitize high frequency sinusoids with little 
or no signal degradations. Using the Nyquist criteria, 
the highest frequency input to the converter could 
theoretically be 1/2 the sampling rate (fg). Any frequency 
components above fs/2 will be aliased below fs/2. In 
most applications, these aliased components cause 
unacceptable distortion and must be filtered out of the 
input. If the input frequency is too close to fs/2, then 
the requirements on the anti-alias filter become difficult 



to impossible to realize with standard component and 
tolerances. In most practical applications, the highest 
input frequency has to be limited to 1/3 to 1/4 of fmax 
in order to relax the filtering requirements enough to 
make a realizable anti-alias filter. 

The maximum sampling rate (fmax) for the ML2261 in 
the WR-RD mode, (tRo < t|NTL) can be calculated as 
follows: 



frr 



1 



twR + tRD + tRi + tp 
1 



"'^^ 180ns + 275ns + 215ns + 300ns 



twR = Write Pulse Width 

tRD = Delay Time between WR and RD Pulses 

tRi = RD to InT Delay 

tp = Delay Time between Conversions 

This permits a maximum sampling rate of 1MHz for the 
ML2261. The dynamic performance specifications (SNR, 
HD, IMD, and FR) for the ML2261 are all specified at 
250kHz, which is approximately 1/4 of the sampling 
rate, fg. 

In applications where aliased frequency components 
are acceptable and filtering of the input signal is not 
needed or where a filter with a steep amplitude 
response is available, the user can apply an input 
sinusoid higher than 250kHz to the device. Note, 
however, that as the input frequency increases above 
500kHz, dynamic performance degradation will occur 
due to the finite bandwidth of the internal sample and 
hold. 

The Figure 9 plots are 4096 point FFT's of the ML2261 
converting a 257kHz and a 491kHz, to 4.5V, low 
distortion sine wave input. The ML2261 samples and 
digitizes at its specified accuracy, dynamic input signals 
with frequency components up to the Nyquist 
frequency (one-half the sampling rate). The output 
spectra yields precise measurements of the input signal 
level, harmonic components, and signal to noise ratio 
up to the 8-bit level. The near ideal signal to noise ratio 
is maintained independent of increasing analog input 
frequencies to 500kHz. 

1.5.2 SIGNAL-TO-NOISE RATIO 

Signal-to-noise ratio (SNR) is the measured signal to 
noise at the output of the converter. The signal is the 
rms magnitude of the fundamental. Noise is the rms 
sum of all the nonfundamental signals up to half the 
sampling frequency. SNR is dependent on the number 
of quantization levels used in the digitization process; 
the more the levels, the smaller the quantization noise. 
The theoretical SNR for a sine wave is given by 

SNR = (6.02N + 1.76) dB 

where N is the number of bits. Thus for ideal 8-bit 
converter, SNR = 49.92 dB. 
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a) Ouput Spectrum with fiN = 257kHz, fs = 1MHz 



b) Output Spectrum with f,N = 491kHz, fs = 1MHz 



Figure 9. Dynamic Performance, Sample and Hold Mode 



1.5.3 HARMONIC DISTORTION 

Harmonic distortion is the ratio of the rms sum of 
harmonics to the fundamental. Total harmonic 
distortion (THD) of the ML2261 is defined as 



20 log = 



(V22 + V32 + V42 + V52)V2 



where V^ is the rms amplitude of the fundamental and 
V2/ V3, V4, V5 are the rms amplitudes of the individual 
harmonics. 

1.5.4 INTERMODULATION DISTORTION 

With inputs consisting of sine waves at two frequencies, 
f^ and fe, any active device with nonlinearities will 
create distortion products, of order (m + n), at sum and 
difference frequencies of mf^ + nfe, where m, n = 0, 1, 
2, 3 . . . Intermodulation terms are those for which m 
or n is not equal to zero. The (IMD) intermodulation 
distortion specification includes the second order terms 
(f^ + fe) and (fA - fe) and the third order terms 
(2fA + fe), {2fA - U (fA + 2fB), and (fA - 2fB) only 

1.6 DIGITAL INTERFACE 

The ML2261 has two basic interface modes, RD and 
WR-RD, which are selected by the MODE input pin. 

1.6.1 RD MODE 

In the RD mode, the WR/RDY pin is configured as the 
RDY output. The read mode performs a conversion 
with a single RD pulse. This allows the //P to start a 
conversion, wait, and then read data with a single read 
instruction. 



The timing for the RD mode is shown in Figure 2. To 
do a conversion, CS must be low to select the device. 
After CS goes low, the RDY output goes low indicating 

that the device is ready to do a conversion. The 

conversion starts on the falling edge of RD. While RD is 
low, the MSB and LSB decisions are made with 
internally generated clock edges. Wh en the conversion 
is complete, RDY goes high and INT goes low signaling 
the end of the conversion. After INT goes low, the data 

outputs go from high impedance to active state with 

valid output data. Data stays valid until either RD or CS 
goes high. When either signal goes high, the outp ut 
data lines return to the high impedance state and INT 
returns high. A pull up resistor on RDY in the sample 
and hold mode will cause clock injection, degrading 
the total unadjusted error, unless CS i is > 20ns before 
RDl. 

1.6.2 WR-RD MODE 

In the WR-RD mode, the WR/RDY pin is configured as 
the *WR input. In this mode, WR initiates the 
conversion and RD controls reading the output data. 
This can be done in several ways, described below. 

1.6.3 WR-RD MODE — USING INTERNAL DELAY 

(tRD > *INTl) 

The timing is shown in Figure 3. To do a conversion, 
CS must be low to select the devic e. Th en, WR falling 
edge triggers the conversio n. W hile WR is low, the MSB 
comparison is made. When WR returns hig h the LSB 
decision is made. After some internal delay, INT goes 
low indicating end of conversion. Valid data will appear 
on DBO-7 when RD is pulled low. INT is then reset by 
the rising edge of either CS or RD. 
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1.6.4 WR.RD MODE - READING BEFORE DELAY 
(tRD < *INTl) 

The internally generated delay for the LSB decision 
when tRD > tiisiTL is longer than necessary due to 
circuit design tolerances of tusuL delay. If desired, a 
faster conversion will result without loss of accuracy by 
bringing RD low within the minimum time specified for 
tRD- The timin g diagram for this mode is shown in 
Figure 4. WR is the same as when tRo > tiMT i . But in 
this case, RD is brought lo w tRo ns after WR rising 
edge and before INT. INT goes low indicating an end 
of conversion after the falling edge of RD and is reset 
on the risi ng ed ge of RD or CS. When RD is brought 
low before INT goes low the dat a bus always remains 
in the high-impedance state until INTi. 



1.6.5 WR-RD MODE — STAND ALONE OPERATION 

Standalone operation can be imp leme nted by tying CS 
and RD low as shown in Fig ure 5 . WR initiates a 
conversion as before. When WR is low, the MSB 
comparison is made. When, WR goes high, the LSB 
comparison is made. Since RD is already low, the 
output data will a ppe ar automaticall y at end of 
conversion. Si nce RD is always low, INT is reset on 
rising edge of WR and goes low at end of conversion. 

1.6.6 POWER-ON RESET 

When power is first applied, an^internal power-on reset 
and timer circuit inhibits the CS input and resets the 
internal circuitry to prevent the ML2261 from starting in 
an unkn own state. During this period of approximately 
3yus, INT remains high and the data bus is in the high- 
impedance state. 
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2.0 TYPICAL APPLICATIONS 



+15VDC 




?fe.l//F 



-15VDC 



NO PROTECTION IS REQUIRED IF INPUT CURRENT > 25mA 

Figure 10. Protecting the Input 



ML2261 
VCC 



ViN 



-Vref 
GND 






Figure 11» Using Vcc as Reference for Ratiometric 
Operation 



0<V,N<VccC 



+VREF 
ML2261 




4.75V 




Vrefout 

ML2340 

D/A 

WITH 

REFERENCE 


1+ 








/iP 


K 


J 


) 


V 


V 











DVoUT 



ViNC 



ML2261 
CS 



INT 
RDk- 



DB7 
DBO 



J ADI 

3^ 



ADDRESS 
DECODE 



iNT-{>cq3°' 



^ 



<li<y 



^ 



fiS 



DTACK 
R/W 



DB7 
DBO 



Figure 12. Using External Reference of D/A 



Figure 13. 68000 Type Interface to ML2261 




Figure 14. 9-Bit Resolution 
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2.0 TYPICAL APPLICATIONS (Continued) 




Vref 
O 



VinAQ- 



VinBO- 



cs 

WR 
RD 
INT 
ML2261 
DB7 
DBO 



CS 
WR 
RD 

Tnt 

ML2261 
DB7 
DBO 



-CS 
-WR 
-RD A 



^ 



^ 



Figure 15. +2.5V Anabg Input Range 



Figure 16. Simultaneous Sampling of Two Variables 



VrNC 



DB7 
DBO 

Tnt 

RD 
ML2261 



CS 



*-<J: 



CLOCK 
SOURCE 

OR 
TIMER 



VoUTC 



DB7 
DBO 



ML2341 
D/A 






CS 
WR 



ADDRESS 
DECODE 



^ 



D7 
DO 

InT 

DEN 



TMS320 
/E14 
CI 5 



PAO 
PAl 
PA2 
WE 



Figure 17. TMS320 Interface with D/A Output 



ViN ( 



"X 



WR 
RD 
iNT 

DB7 
DBO 



^ 



P3, 1 
P3, 2 
P3, 3 
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Figure 18. 8051 Interface to ML2261 
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TYPICAL APPLICATIONS (Continued) 



Vcc (5Vdc) 

p 



ANALOG 
SOURCE 



T 



f FS ADJ 





+VREF 



Vcc 



V|N 



-Vref 



.I/UF 



Figure 19. Operating with a Ratiometric Analog Signal of 15% of Vcc to 85% of Vcc 



ORDERING INFORMATION 





TOTAL 


TEMPERATURE 




PART NUMBER 


UNADJUSTED ERROR 


RANGE 


PACKAGE 


ML2261BMJ 


+1/2 LSB 


-55°C to +125°C 


HERMETIC DIP 


ML2261BIJ 




-40°C to +85°C 


HERMETIC DIP 


ML2261BCP 




0°C to +70°C 


MOLDED DIP 


ML2261BCQ 




0°C to +70°C 
-55°C to +125°C 


MOLDED PCC 


ML2261CMJ 


±1 LSB 


HERMETIC DIP 


ML2261CIJ 




-40°C to +85°C 


HERMETIC DIP 


ML2261CCP 




0°C to +70°C 


MOLDED DIP 


ML2261CCQ 




0°C to +70°C 


MOLDED PCC 
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October 1990 
PRELIMINARY 

ML2264 



4-Channel High-Speed 8-Bit 
A/D Converter with T/H (S/H) 



GENERAL DESCRIPTION 

The ML2264 is a high-speed, //P compatible, 4-channel 
8-bit A/D converter with a conversion time of 680ns 
over the operating temperature range and supply 
voltage tolerance. The ML2264 operates from a single 
5V supply and has an analog input range from GND to 
Vcc. 

The ML2264 has two different pin selectable modes. 
The T/H mode has an internal track and hold. The S/H 
mode has a true internal sample and hold and can 
digitize to 5V sinusoidal signals as high as 500kHz. 

The ML2264 digital interface has been designed so that 
the device appears as a memory location or I/O port 
to a //R Analog input channels are selected by the 
latched and decoded multiplexer address inputs. 

The ML2264 is an enhanced, pin compatible second 
source for the industry standard AD7824. The ML2264 
enhancements are faster conversion time, parameters 
guaranteed over the supply tolerance and temperature 
range, improved digital interface timing, superior 
power supply rejection, and better latchup immunity 
on analog inputs. 



FEATURES 

■ Conversion time, WR-RD mode over temperature 
and supply voltage tolerance 

Track & Hold Mode 800ns max 

Sample & Hold Mode 680ns max 

■ Total unadjusted error ±1/2 LSB or +1 LSB 

■ Capable of digitizing a 5V, 250kHz sine wave 

■ 4-analog input channels 

■ No missing codes 

■ OV to 5V analog input range with single 5V power 
supply 

■ No zero or full scale adjust required 

■ Analog input protection 25mA min 

■ Operates ratiometrically or with up to 5V voltage 
reference 

■ No external clock required 

■ Power-on reset circuitry 

■ Low power 100mW 

■ Narrow 24-pin DIP or surface mount SOIC 

■ Superior pin compatible replacement for AD7824 



BLOCK DIAGRAM 



A IN 1 O- 



A IN 2C 



AIN 3 0- 
A IN 4 0- 



Vcc +VREF 



-VreF GND 



DECODE [^ DB7 
LOGIC 
lATCH 

& 
THREE 
STATE 




OUTPUT "° ^^^ 



-O DB6 
-O DBS 
-ODB4 



-ODB2 
-O DB1 
-O DBO 



PIN CONNECTIONS 



24-Pm DIP 



24-Pin SOIC 



4[ll "^^241] Vcc AIN4C3: 



A IN 
A IN 3 [1 2 
A IN 2[ 3 
A IN 1 [ 4 
M0DE[ 5 

DBO 

DB1 

DB2 

DB3 
RD 



9 
10 

rNT[ 11 
GNd[ 12 



23]SH/TH A IN 30: 

22]a0 ^»^2[xi 

21 ] A1 

20 ] DB7 

19 ] DB6 

18 ] DBS 

17 ] DB4 

16 ]CS 

IS ]WR/RDY 

14 ] +VREF 

13 ] -Vref 



A IN 1 CX 4 
MODE Ce| ^ 
DBO [ 
DB1 Cd7 
DB2CE 8 
DB3[iq 9 
RDC 

INT Ed 11 
GNDCX 12 



in Vcc 

-n SH/TH 

in Ao 

-n Ai 
-n DB7 
-n DB6 
in DBS 
33 DB4 

zn CS 

in WR/RDY 

in +VREF 

in -Vref 



INT CS WR/RDY RD SH/TH MODE 
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PIN DESCRIPTION 



PIN NO. 



12 
13 

14 



NAME 



FUNCTION 



1 


A IN 4 


2 


A IN 3 


3 


A IN 2 


4 


A IN 1 


5 


MODE 



6 


DBO 


7 


DB1 


8 


DB2 


9 


DB3 


10 


RD 



INT 



GND 
-Vref 

+Vref 



Analog input 4. 
Analog Input 3. 
Analog input 2. 
Analog input 1. 

Mode select input. 
MODE = GND: RD mode 
MODE = Vcc: WR-RD mode 

Pin has internal current source 

pulldown to GND. 

Data output — bit (LSB). 

Data output — bit 1. 

Data output — bit 2. 

Data output — bit 3. 

Read input. In RD mode, this 
pin initiates a conversion. In 
WR-RD mode, this pin latches 
data into output latches. See 
Digital Interface section. 

Interrupt output. This output 
signals the end of a conversion 
and indicates that data is valid 
on the data outputs. See Digital 
Interface section. 

Ground. 

Negative reference voltage for 
A/D converter. 

Positive reference voltage for 
A/D converter. 



PIN NO. 



NAME 



FUNCTION 



17 


DB4 


18 


DBS 


19 


DB6 


20 


DB7 


21 


A1 



15 WR/RDY Write input or ready output. In 

WR-RD mode, this pin is WR 
input. In RD mode, this pin is 
RDY open drain output. See 
Digital Interface section. 

16 CS Chip select Input. This pin must 

be held low for the device to 
perform a conversion. 

Data output — bit 4. 

Data output — bit 5. 

Data output — bit 6. 

Data output — bit 7 (MSB). 

Digital address input 1 that 
selects analog input channel. 
See multiplexer addressing 
section. 

22 AO Digital address input that 

selects analog input channel. 
See multiplexer addressing 
section. 

23 SH/TH S/HJ7H mode select. When 

SH/TH = VcG the device is In 
sample and hold mode. When 
SH/TH = GND, the device is in 
track and hold mode. Pin has 
internal pulldown current 
source to GND. 

24 Vcc Positive supply. +5 volts ± 5%. 



ABSOLUTE MAXIMUM RATINGS 

(Note 1) 

Supply Voltage, V^c 6.5V 

Voltage 

Logic Inputs -0.3V to Vcc + 0-3V 

Analog Inputs -0.3V to Vcc + 0.3V 

Input Current per Pin (Note 2) ±25mA 

Storage Temperature -65°C to +150°C 

Package Dissipation 
at Ta = 25°C (Board Mount) 875mW 

Lead Temperature (Soldering 10 sec.) 

Dual-ln-Line Package (Plastic) 260°C 

Dual-ln-Llne Package (Ceramic) 300°C 

SOIC 

Vapor Phase (60 sec.) 215*'C 

Infrared (15 sec.) 220X 



OPERATING CONDITIONS 

Supply Voltage, Vcc 4.5Vdc to 6.0V[)c 

Temperature Range (Note 3) Tmin ^ Ta < Tmax 

ML2264BMJ, ML2264CMJ -55°C to +125°C 

ML2264BIJ, ML2264CIJ -40"»C to +85°C 

ML2264BCS, ML2264CCS 

ML2264BCR ML2264CCP 0°C to +70°C 
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ELECTRICAL CHARACTERrSTICS 

Unless otherwise specified, Ta = Tmin to Tmax, Vcc '■ 



+Vref = 5V ± 5%, and -Vref = GND 



PARAMETER 



NOTES 



CONDITIONS 



ML2264XCX 



MIN 



TVP 
(Note 4) 



MAX 



ML2264XIX, ML2264XMX 



MIN 



TYP 

(Note 4) 



MAX 



UNITS 



Converter 



Total Unadjusted Error 
ML2264BXX 
ML2264CXX 


5, 7 


Vref = Vcc 






±1/2 
±1 






±1/2 
±1 


LSB 
LSB 


Integral Linearity Error 
ML2264BXX 
ML2264CXX 


5, 7 


Vref = Vcc 






±1/2 

±1 






±1/2 

±1 


LSB 
LSB 


Differential Linearity Error 
ML2264BXX 
ML2264CXX 


5 


Vref = Vcc 






±1/2 
±1 






±1/2 

±1 


LSB 
LSB 


Full Scale Error 
ML2264BXX 
ML2264CXX 


5 








±1/2 

±1 






±1/2 
±1 


LSB 
LSB 


Zero Scale Error 
ML2264BXX 
ML2264CXX 


5 








±1/2 

±1 






±1/2 

±1 


LSB 
LSB 


Channel to Channel 
Mismatch 


5 








±1/4 






±1/4 


LSB 


+Vref Voltage Range 


6 




-Vref 




Vcc+0.1 


-Vref 




Vcc+0.1 


V 


-Vref Voltage Range 


6 




GND-0.1 




+Vref 


GND-0.1 




+Vref 


V 


Reference Input 
Resistance 


5 




1 


2 


3 


1 


2 


3 


kQ 


Analog Input Range 


5, 8 




GND-0.1 




Vcc+0.1 


GND-0.1 




Vcc+0.1 


V 


Power Supply Sensitivity 


5 


DC 

Vcc=5V±5%, Vref=4.50V 




±1/32 


±1/4 




±1/32 


±1/4 


LSB 




100mVp-p 

100kHz sine on Vco 

V,N = 




±1/16 






±1/16 




LSB 


Analog Input Leakage 
Current, OFF Channel 


5 


ON Channel = Vcc 
OFF Channel = OV 


-1 






-1 






M 




ON Channel = OV 
OFF Channel = Vcc 






1 






1 


M 


Analog Input Leakage 
Current, ON Channel 


5 


ON Channel = OV 
OFF Channel = Vcc 


-1 






-1 






M 




ON Channel = Vcc 
OFF Channel = OV 






1 






1 


M 


Analog Input Capacitance 




During Acquisition Period 




45 






45 




PF 



Digital and DC 



V|N(1V Logical "1" Input 


5 


WR, RD, CS, AO, A1 


2.0 






2.0 






V 


Voltage 


MODE, SH/TH 


Vcc-0.5 






Vcc-0.5 






V 


V|N(o), Logical "0" Input 


5 


WR, RD, CS, AO, A1 






0.8 






0.8 


V 


Voltage 


MODE, SH/TH 






0.5 






0.5 


V 
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ELECTRICAL CHARACTERISTICS (Continued) 

Unless otherwise specified, T^ = Tmin to Tmax/ Vcc == "•'Vref = 5V ± 5%, -Vref = GND, and timing measured at ^A^/, 
Cl = 100pF. 



PARAMETER 



NOTES 



CONDITIONS 



ML2264XCX 



MIN 



TYP 
(Note 4) 



MAX 



ML2264XIX, ML2264XMX 



MIN 



TV^P 

(Note 4) 



MAX 



UNITS 



Digital and DC (Continued) 



•iN(i)/ Logical "1" 
Input Current 


5 


V,H=Vcc 


WR, RD, CS, 
AO, A1 






1 






1 


M 




MODE, SH/TH 


15 


50 


150 


15 


50 


150 


M 


l,N(ov Logical "0" 


5 


V|L=GND 


WR, RD, CS 


-1 






-1 






M 


Input Current 


MODE, SH/TH 


-20 






-20 






M 


VouTdV Logical "V 
Output Voltage 


5 


louT = -2mA 


4.0 






4.0 






V 


VouT(O)/ Logical "0" 
Output Voltage 


5 


Iqut = 2mA 






0.4 






0.4 


V 


Iqut/ Three-State Output 


5 


VouT = OV 


-1 






-1 






M 


Current 


VouT = Vcc 






1 






1 


M 


CouT/ Logic Output 
Capacitance 








5 






5 




pF 


C|N, Logic Input 
Capacitance 








5 






5 




pF 


Icc/ Supply Current 


5 


CS = WR = RD = "1" 
No Output Load 






25 






27 


mA 



AC and Dynamic Performance (Note 9) 



tcRD/ Conversion Time, 
Read Mode 


5 


RD to INT, MODE = OV 






1020 






1100 


ns 


tcwR-RD/ Conversion Time, 
Write-Read Mode 


5,9 


WR Falling 
Edge to INT, 

tRD < t|NT/ 

MODE = Vcc 


SH/TH = Vcc 






680 






735 


ns 




SH/TH=GND 






800 






880 


ns 


SNR, Signal to Noise Ratio 




V|N = 5V, 250kHz 

Noise is sym of all 

nonfundamental 

components 

from 0-500kHz. 

SH/TH = Vco MODE = Vcc 

tsAMPLING = 1-0 MHz 




48 






48 




dB 


HD, Harmonic Distortion 




V|N = 5V, 250kHz 

THD is sum of 2-5th 

harmonics relative to 

fundamental. 

SH/TH = Vco MODE = Vcc 

tsAMPLING = 1-0 MHz 




-63 






-63 




dB 


IMD, Intermodulation 
Distortion 




fa = 2.5V, 250kHz 

fb = 2.5V, 248kHz 

1MB is (fa + fb), (fa - fb), 

(2fa + fb), (2fa - fb), 

(fa + 2fb), or (fa - 2fb) 

relative to fundamental. 

SH/TH = Vco MODE = Vcc 

^SAMPLING = '••0 MHz 




-60 






-60 




dB 
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ELECTRICAL CHARACTERISTICS (Continued) 

Unless otherwise specified, Ta = Tmin to Tma)o Vcc = "•'Vref - 5V + 5%, -Vref = GND, and timing measured at 1.4y 
Cl = 100pF 



PARAMETER 



NOTES 



CONDITIONS 



ML2264XC:X 



MIN 



TYP 
(Note 4) 



MAX 



ML2264XIX, ML2264XMX 



MIN 



TYP 
(Note 4) 



MAX 



AC and Dynamic Performance (Note 9) (Continued) 



FR, Frequency Response 




V,N = 5V 0-250kHz 

Relative to 1kHz 

SH/TH = Vco MODE = Vcc 

fsAMPUNG = 1-0 MHz 




±0.1 






±0.1 




dB 


SR, Slew Rate Tracking 


6 


SH/TH = Vcc 






4.0 






4.0 


V///S 


SH/YH = GND 






.25 






.25 


V///S 


Ias, Multiplexer Address 
Setup Time 


5 


SH/TH = GND, Figure 1 
(Track & Hold Operation) 
















ns 


tAH/ Multiplexer Address 
Hold Time 


5 


SH/TH = GND, Figure 1 
(Track & Hold Operation) 


60 






70 






ns 


tAS/ Multiplexer Address 
Setup Time 


5 


SH/TH = Vco Figure 2 
(Sample & Hold Operation) 


225 






245 






ns 


tAH/ Multiplexer Address 
Hold Time 


5 


SH/TH = Vco Figure 2 
(Sample & Hold Operation) 


60 






70 






ns 



AC Performance Read Mode (Pin 5 


= OV), Figure 4 
















tRDY/ CS to RDY Delay 


5 









50 







55 


ns 


tRDD, RD Low to 
RDY Delay 


5, 10 


Figure 3 






1020 






1100 


ns 


tcss/ CS to RD, WR 
Setup Time 


5 


















ns 


tcsH. CS to RD, WR 
Hold Time 


5 


















ns 


tcRD/ Conversion Time — 
RD Low to INT Low 


5, 10 








1020 






1100 


ns 


tAcco/ Data Access Time 
RD to Data Valid 


5 




tcRD 




tcRD+30 


tCRD 




tcRD+30 


ns 


tRDPW/ RD Pulse Width 


5 




tcRD+30 






tcRD+30 






ns 


t,NTH. RD to InT Delay 


5, 10 









60 







70 


ns 


tpH/ Data Hold Time — 
RD Rising Edge to Data 
High Impedance State 


6, 10 


Figure 3 







50 







60 


ns 


tp, Delay Time Between 
Conversions — INT Low 


5, 10 


Sample & Hold Mode, 
SH/TH = Vcc 


300 






325 






ns 


to RD Low 


Track & Hold Mode, 
SH/TH = GND 


240 






260 






ns 



AC Performance Write-Read Mode (Pin 5 = 5V), Figures 5 and 6 



tcss. CS to RD, WR 
Setup Time 


5 


















ns 


tcsH. CS to RD, WR 
Hold Time 


5 


















ns 


twR, WR Pulse Width 


5 


SH/TH = Vcc 


190 




50K 


205 




50K 


ns 


6 


SH/TH = GND 


320 




50K 


360 




50K 


ns 
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ELECTRICAL CHARACTERISTICS (Continued) 

Unless otherwise specified, Ta = Tmin to T^aX/ Vcc = +Vref = 5V ± 5%, 
Cl = 100pF 



-Vref = GND, and timing measured at 1.4V, 



PARAMETER 



NOTES 



CONDITIONS 



ML2264XCX 



MIN 



TYP 
(Note 4) 



MAX 



ML2264XIX, ML2264XMX 



MIN 



TYP 

(Note 4) 



MAX 



UNITS 



AC Performance Write-Read Mode (Pin 5 = 5V), Figures 5 and 6 (Continued) 














tRD, Read Time — WR 
High to RD Low Delay 


5 


tRD < tiMTL 


275 






300 






ns 


tRi, RD to INT Delay 


5, 10 


tRD < t|NTL 







215 







230 


ns 


tACCi/ Pata Access Time 
— RD Low to Data Valid 


5 


tRD < tiNTL 







220 







240 


ns 


tcwR-RD/ Conversion Time 
— WR Falling Edge to 
INT Low 


5,9,10 


tRD < tiNTl. SH/TH = Vcc 






680 






735 


ns 


6,9,10 


tRD < tiNTU SH/TH = GND 






810 






890 


ns 


t|NTL/ Internal Comparison 
Time — WR Rising Edge 
to INT Low 


5, 10 


tRD > tiNTL 






620 






670 


ns 


tACC2/ Data Access Time 
— RD to Data Valid 


5 


tRD > t|NTL 







50 







60 


ns 


tpH, Data Hold Time — 
RD Rising Edge to Data 
High Impedance State 


6, 10 


Figure 3 







50 







60 


ns 


tiNTH/ RDt to INTt Delay 


5, 10 









60 







70 


ns 


tp, Delay Time Between 
Conversions — INT Low 


5,10 


Sample & Hold Mode, 
SH/TH = Vcc 


300 






325 






ns 


to WR Low 


Track & Hold Mode, 
SH/TH = GND 


240 






260 






ns 


tiHWR/ WRt to INT! Delay 


5, 10 


Standalone Mode 







90 







100 


ns 


t|D, INTi to Data 
Valid Delay 


5, 10 


Standalone Mode 







20 







30 


ns 



Note 1: Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 
specified are measured with respect to ground. 

Note 2: When the voltage at any pin exceeds the power supply rails (V|n < GND or V|n > V^c) the absolute value of current at that pin 
should be limited to 25mA or less. 

Note 3: -55°C to +125°C operating temperature range devices are 100% tested at temperature extremes with worst-case test conditions. 

0°C to t70°C and -40°C to +85°C operating temperature range devices are 100% tested with temperature limits guaranteed by 100% 
testing, sampling, or by correlation with worst-case test conditions. 

Note 4: Typicals are parametric norm at 25°C. 

Note 5: Parameter guaranteed and 100% production tested. 

Note 6: Parameter guaranteed. Parameters not 100% tested are not in outgoing quality level calculation. 

Note 7: Total unadjusted error includes o ffset , full scale, linearity, sample and hold, and multiplexer errors. Total unadjusted error is tested at 
the minimum specified times for WR, RD, t^^, and tp. For example, for the ML2264XCX in the sample and hold mode, WR/RD mode: 
twR = 190ns, tRD = 275ns with a frequency of 1.020MHz (cycle time of 980ns). 

Note 8: For -Vr^f — ^in the digital output code will be 0000 0000. Two on-chip diodes are tied to the analog input which will forward conduct 
for analog input voltages one diode drop below ground or one diode drop greater than the Vqq supply. Be careful, during testing at 
low Vqc levels (4.5V), as high level analog inputs (5V) can cause this input diode to conduct — especially at elevated temperatures, and 
cause errors for analog inputs near full scale. The spec allows lOOmV forward bias of either diode. This means that as long as the analog 
V|N or Vrep does not exceed the supply vojtage by more than lOOmV, the output code will be correct. To achieve an absolute OV^c to 
5Vdc input voltage range will therefore require a minimum supply voltage of 4.900Vdc over temperature variations, initial tolerance and 
loading. 

Note 9: Conversion time, write-read mode = twR + t^Q + tR|. 

Note 10: Defined from the time an output crosses 0.8V or 2.4V. 
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a) RD Mode (Pin 5 = GND) b) WR-RD Mode (Pin 5 = Vcc) 

Figure 1. Analog Multiplexer Address Timing for Track & Hold Mode (Pin 23 = GND) 
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Figure 2. Analog Multiplexer Address Timing for Sample & Hold Mode (Pin 23 = Vcc) 



OUTPUT^ 
lOpF 



X 
T 



T 



OUTPUT 
ENABLE 



Vcc 

GND 


50 V 
10% 


90% 


tlH \* 



VOH- 



Vcc 



lOpF. 



OUTPUT 
ENABLE 




Vcc 

GND— 10% 

Vcc 



VOL- 



VoL+IOOmV 



Figure 3. High Impedance Test Circuits and Waveforms 
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Figure 4. RD Mode Timing 
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Figure 5. WR-RD Mode Timing (Ird > Iintl) 
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Figure 6. WR-RD Mode Timing (tRo < tiNit) 
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1.0 FUNCTIONAL DESCRIPTION 

The ML2264 uses a two stage flash technique for A/D 
conversion. This technique first performs a 4 bit flash 
conversion on V|n to determine the 4 MSB's. These 
4 MSB's are then cycled through an internal DAC to 
recreate the analog input. This reconstructed analog 
input signal from the DAC is then subtracted from the 
input, and the difference voltage is converted by a 
second 4 bit flash conversion, providing the 4 LSB's of 
the output data word. 

1.1 MULTIPLEXER ADDRESSING 

The ML2264 contains a 4-channel single ended analog 
multiplexer. A particular input channel is selected by 
using the address inputs AO and A1. The relationship 
between the address inputs, AO and A1, and the analog 
input selected is shown in Table 1. 



Selected 
Analog Channel 


Address Input 


AO 


A1 


A IN 1 








A IN 2 


1 





A IN 3 


. 


1 


A IN 4 


1 


1 



Table 1. Multiplexer Address Decoding 

The address inputs are latc hed into the ML2264 on the 
falling edge of the RD, WR, or CS depending on the 
state of pins SH/TH and mode as shown in Table 2. 



Address Latching 
Signal 


Mode 


Operation Mode 


RDi 


GND 


GND 


WRl 


Vcc 


GND 


CSi 


GND 


Vcc 


CSi 


Vcc 


Vcc 



Table 2. 

In the Sample & Hold mode of operation CS is used as 
the address latch enable, allowing for continuous 
conversions without addressing a given analog input for 
each conversion. 

The Track & Hold mode of operation requires an 
analog input to be addressed and latched for each 
conversion that the ML2264 performs. 

1.2 ANALOG INPUTS 

The analog input on the ML2264 behaves differently 
than inputs on conventional converters. The analog 
input current requirements change while the 
conversion is in progress, and the amount of input 
current depends on what cycle the converter is in. 



The equivalent input circuit for the converter is shown 
in Figu re 8 . When the conversion starts in the T/H 
mode (WRi in the WR-RD mode or RDI in the RD 
mode) S1, S4 and S6 close and S3 opens. This period is 
known as the acquisition period where the MSB flash 
converter tracks the input signal and the LSB flash 
converter samples it. During this period, Vin is 
connected to the 16 MSB and 15 LSB comparators. 
Thus 38 pF of Input capacitance must be charged up 
through the combined Rqn resistance of the internal 
analog switches plus any external source resistance, Rs- 
In addition, there is a stray capacitance of 
approximately 11 pF that needs to be charged through 
the external source resis tanc e Rs- This period ends in 
the WR-RD mode when WRt or by an internal timer in 
the RD mode. At this point SI and S4 open and the 
analog input at Vin is no longer being sampled; thus 
during this time the analog voltage on V|n does not 
affect converter performance. 

As shown above, the critical period for charging up the 
analog input occurs when the MSB and LSB 
comparators are sampling the input, known as the 
acquisition period. The source of the external signal on 
V|N must adequately charge up the analog voltage 
during the acquisition period. To do this, the input 
must settle within the required analog accuracy 
tolerance at least 50ns before the end of the acquisition 
period so that the MSB comparators have adequate 
time to make the correct decision. If more time is 
needed due to finit e cha rging or settling time of the 
external source, the WR low period can be extended in 
WR-RD mode. In RD mode, since the acquisition time 
is fixed by internal delays, the burden is on the external 
source to charge up and settle the input adequately. 

When the ML2264 operates in the S/H mode (pin 23 = 
Vcc) both the MSB and the LSB flash converter perform 
a true sample and hold operation during the 
acquisition or sam pling period. This period starts after 
th e fal ling edge of INT and ends with the falling e dge 
of WR in the WR-RD mode or the falling edge of RD in 
the RD mode. The duration of this period is user 
controlled and must satisfy a minimum of tp. 

During this period SI, S3, S4 and S6 close, therefore 
46 pF of input capacitance must be charged up in 
addition to the 11 pF of stray capacitance. 

1.3 TRACK AND HOLD vs. SAMPLE AND HOLD 

The MSB Flash Converter of the ML2264 in T/H mode 
has a track and hold mechanism for sampling the input. 
The input is attached to the MSB comparators directly 
in the MSB compare cycle, or acquisition period. When 
the MSB compare cycle ends, the state of the MSB 
comparators is latched. The LSB Flash Converter always 
performs a S/H operation. Thus, the analog input signal 
can be changing during the MSB compare cycle, or 
acquisition period, and the MSB comparators will be 
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tracking it as long as the slew rate of the analog input 
is slow enough so that the MSB comparators can 
respond. The ML2264 can track and hold signals with 
slew rates as high as .25V//ys (16kHz @ 5 volts) without 
sacrificing conversion accuracy. 

The ML2264 in S/H mode does not have the slew rate 
limitation of the T/H mode since an internal sample and 
hold acquires the analog signal, holds it internally, and 
then performs a conversion. Since this is a true sample 
and hold function, the S/H mode can theoretically 
digitize signals of frequencies much higher than the 
T/H mode. The ML2264 in S/H mode can digitize 
signals of frequencies as high as 250kHz @ 5V (slew 
rates as high as 4V/^is) without sacrificing conversion 
accuracy. In most applications, the S/H mode Is more 
desirable than T/H mode because of the better dynamic 
performance. 

1.3.1 CONVERTER — T/H MODE 

The operating sequence for the WR-RD mode is 
illustrated in Figure 9a . Init ially, the internal comparators 
are auto-zeroed while WR is h igh. A conversion is 
initiated by the falling edge of WR. While WR Is low, 
the MSB comparators are tracking the analog Input and 
comparing this voltage against voltages from the 
internal resistor ladder. At the same time, the input is 
being acquire d or sampled by LSB comparators. On the 
rising edge of WR, the MSB comparator results are 
latched, and the LSB acquisition time Is ended by 
closin g the sampling switch to the LSB comparators. 
While WR is high, the LSB comparators then compare 
the residual Input voltage against Internal voltages from 
the resistor ladder to determine the 4 LSB's . Wh en the 
LSB comparison or conversion is complete, INT goes 
low and latches the conversion result into the output 
latch es. Then, the comparators are auto-zeroed while 
WR is high before another conversion can start. 

The operating sequence for RD mode, is similar to that 
described above for the WR-RD mode, except the 
conversion is initiated by the falling edge of RD, and 
the MSB and LSB conversions are generated by Internal 
clock edges that are generated while RD Is low. 
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Figure 8. Converter Equivalent Input Circuit 

1.3.2 CONVERTER — S/H MODE 

The operating sequence for S/H mode Is illustrated in 
Figure 9b. Notice that it Is similar to T/H mode 
described above except this mode has a tr ue sample 
and hold function. The falling edge of INT closes the 
sampling switch and starts the acquisition period where 

the analog input Is sampled at the same time all 

comparators are auto-zeroed. The falling edge of WR 
opens the internal sampling switch, ends the acquisition 
period, and starts the conversion on the internally 
sample and held sig nal. T he MSB comparators make 
thei r decisions while WR Is low. On the rising edge of 
WR, the MSB comparator results are latched. The LSB 
comparators make their decision when WR Is high. 
Wh en the LSB comparison or conversion Is complete, 
INT goes low and latches the conversion result into the 
output buffers. Then, the acquisition period begins 
again and the converter Is ready for the next 
conversion. 

The operating sequence for the RD mode is the same 
as the WR-RD mode, except the conversion is initiated 
by the falling edge of RD, and the MSB and LSB 
conversions are generated by Internal clock edges that 
are generated while RD is low. 
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a). T/H Mode 



\ [ 



ACQUISITION 
OR SAMPLING 
PERIOD. ALL 
COMPARATORS 
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DECIDING. 



LSB 
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b). S/H Mode 



^ ( 



ALL COMPARATORS 
AUTOZEROED. 



ACQUISITION 
PERIOD. MSB 
COMPARATORS 
ARE TRACKING 
V|N. LSB 
COMPARATORS 
ARE SAMPLING 
V|N. 



LSB 

COMPARATORS 

DECIDING. 



CONVERSION 
STARTS. 



V|N SAMPLING 
ENDS. MSB 
COMPARATOR 
RESULTS ARE 
LATCHED. 



RD BROUGHT LOW 
LATCHES LSB 
COMPARATOR 
RESULTS AND 
BRINGS INT LOW. 



Figure 9. Operating Sequence (WR-RD Mode) 



1.4 REFERENCE 

The +Vref si^d -Vref inputs are the reference voltages 
that determine the full scale and zero input voltages, 
respectively, for the A/D converter. Thus, +Vrep defines 
the analog Input which produces a full scale output and 
-Vref defines the analog input which produces an 
output code of all zeroes. The transfer function for the 
A/D converter is shown in Figure 10. 

+Vref and -Vref can be set to any voltage between GND 
and Vcc- This means that the reference voltages can be 
offset from GND and the difference between +Vref+ and 
-Vref- can be made small to increase the resolution of 
the conversion. Note that the total unadjusted error 
increases when [+Vref - (-Vref)] decreases. 

1.5 POWER SUPPLY AND REFERENCE DECOUPLING 

A 0.1//F ceramic disc capacitor is recommended to 
bypass Vcc to GND, using as short a lead length as 
possible. 

If REF+ and REF- inputs are driven by long lines, they 
should be bypassed by O.lyuF ceramic disc capacitors at 
the reference input pins. 




1LSB2LSB'S3LSB'S ^^ p^ 

FS - 1LSB 
AiN, INPUT VOLTAGE (IN TERMS OF LSB'S) 



Figure 10. A/D Transfer Characteristic 
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1.6 DYNAMIC PERFORMANCE 



1.6.1 SINUSOIDAL INPUTS 



Since the ML2264 has an internal sample and hold, the 
device can digitize high frequency sinusoids with little 
or no signal degradations. Using the Nyquist criteria, 
the highest frequency input to the converter could 
theoretically be 1/2 the sampling rate (fg). Any frequency 
components above fs/2 will be aliased below f5/2. In 
most applications, these aliased components cause 
unacceptable distortion and must be filtered out of the 
input. If the input frequency is too close to fs/2, then 
the requirements on the anti-alias filter become difficult 
to impossible to realize with standard component and 
tolerances. In most practical applications, the highest 
input frequency has to be limited to 1/3 to 1/4 of fMAX 
in order to relax the filtering requirements enough to 
make a realizable anti-alias filter. 

The maximum sampling rate (fmax) ^Of the ML2264 in 
the WR-RD mode, (tRo < UntO can be calculated as 
follows: 



frr 



1 



tWR + tRD + tRi + tp 

1 



190ns + 275ns + 215ns + 300ns 



twR = Write Pulse Width 

tRD = Delay Time between WR and RD Pulses 

tRi = RD to TnT Delay 

tp = Delay Time between Conversions 

This permits a maximum sampling rate of 1MHz for the 
ML2264. The dynamic performance specifications (SNR, 
HD, IMD, and FR) for the ML2264 are all specified at 
250kHz, which is approximately 1/4 of the sampling 
rate, fg. 



In applications where aliased frequency components 
are acceptable and filtering of the input signal is not 
needed, or where a filter with a steep amplitude 
response is available, the user can apply an input 
sinusoid higher than 250kHz to the device. Note, 
however, that as the input frequency increases above 
500kHz, dynamic performance degradation will occur 
due to the finite bandwidth of the internal sample and 
hold. 

The Figure 11 plots are 4096 point FFT's of the ML2264 
converting a 257kHz and a 491kHz, to 4.5V, low 
distortion sine wave input. The ML2264 samples and 
digitizes at its specified accuracy, dynamic input signals 
with frequency components up to the Nyquist 
frequency (one-half the sampling rate). The output 
spectra yields precise measurements of the input signal 
level, harmonic components, and signal to noise ratio 
up to the 8-bit level. The near ideal signal to noise ratio 
is maintained independent of increasing analog input 
frequencies to 500kHz. 

1.6.2 SIGNAL-TO-NOISE RATIO 

Signal-to-noise ratio (SNR) is the measured signal to 
noise at the output of the converter. The signal is the 
rms magnitude of the fundamental. Noise is the rms 
sum of all the nonfundamental signals up to half the 
sampling frequency. SNR is dependent on the number 
of quantization levels used in the digitization process; 
the more the levels, the smaller the quantization noise. 
The theoretical SNR for a sine wave is given by 

SNR = (6.02N + 1.76) dB 

where N is the number of bits. Thus for ideal 8-bit 
converter, SNR = 49.92 dB. 

1.6.3 HARMONIC DISTORTION 

Harmonic distortion is the ratio of the rms sum of 
harmonics to the fundamental. Total harmonic 
distortion (THD) of the ML2264 is defined as 
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20 log 






where V^ is the rms amplitude of the fundamental and 
V2, V3, V4, V5 are the rms amplitudes of the individual 
harmonics. 

1.6.2 SIGNAL-TO-NOISE RATIO 

Signal-to-noise ratio (SNR) is the measured signal to 
noise at the output of the converter. The signal is the 
rms magnitude of the fundamental. Noise is the rms 
sum of all the nonfundamental signals up to half the 
sampling frequency. SNR is dependent on the number 
of quantization levels used in the digitization process; 
the more the levels, the smaller the quantization noise. 
The theoretical SNR for a sine wave is given by 

SNR = (6.02N + 1.76) dB 

where N is the number of bits. Thus for ideal 8-bit 
converter, SNR = 49.92 dB. 

1.6.3 HARMONIC DISTORTION 

Harmonic distortion is the ratio of the rms sum of 
harmonics to the fundamental. Total harmonic 
distortion (THD) of the ML2264 is defined as 

(V22 + V32 + V42 + V52)V2 



20 log = - 



Vi 



where V^ is the rms amplitude of the fundamental and 
V2, V3, V4, V5 are the rms amplitudes of the individual 
harmonics. 

1.6.4 INTERMODUIATION DISTORTION 

With inputs consisting of sine waves at two frequencies, 
fA and fs, any active device with nonlinearities will 
create distortion products, of order (m + n), at sum and 
difference frequencies of mfA + nfe, where m, n = 0, 1, 
2, 3 . . . Intermodulation terms are those for which m 
or n is not equal to zero. The (IMD) intermodulation 
distortion specification includes the second order terms 
(fA + fs) and (fA - ffi) and the third order terms 
(2fA + fel (2fA - fe), (fA + 2fB), and (fA - 2fB) only 

1.7 DIGITAL INTERFACE 

The ML2264 has two basic interface modes, RD and 
WR-RD, which are selected by the MODE input pin. 

1.7.1 RD MODE 

in the RD mode, the WR/RDY pin is configured as the 
RDY output. The read mode performs a conversion 
with a single RD pulse. This allows the //P to start a 
conversion, wait, and then read data with a single read 
Instruction. 

The timing for the RD mode is shown in Figure 4. To 
do a conversion, CS must be low to select the device. 
After CS goes low, the RDY output goes low indicating 

that the device is ready to do a conversion. The 

conversion starts on the falling edge of RD. While RD is 
low, the MSB and LSB decisions are made with 



internally generated clock edges. Wh en the conversion 
is complete, RDY goes high and INT goes low signaling 
the end of the conversion. After INT goes low, the data 

outputs go from high impedance to active state with 

valid output data. Data stays valid until either RD or CS 
goes high. When either signal goes high, the outp ut 
data lines return to the high Impedance state and INT 
returns high. 

1.7.2 WR-RD MODE 

In the WR-RD mode, the WR/RDY pin is configured as 
the WR input. In this mode, WR initiates the 
conversion and RD controls reading the output data. 
This can be done in several ways, described below. 

1.7.3 WR-RD MODE — USING INTERNAL DEIAY 

(tRD > trNTL) 

The timing is shown in Figure 5. To do a conversion, 
CS must be low to select the devic e. Th en, WR falling 
edge triggers the conversio n. W hile WR is low, the MSB 
comparison is made. When WR returns hig h the LSB 
decision is made. After some internal delay, INT goes 
low indicating end of conversion. Valid data will appear 
on DBO-7 when RD is pulled low. INT is then reset by 
the rising edge of either CS or RD. 

1.7.4 WR-RD MODE — READING BEFORE DELAY 

(tRD < tiNTL) 

The internally generated delay for the LSB decision 
when tRD ^ t|NTL is longer than necessary due to 
circuit design tolerances of tiNTL delay. If desired, a 
faster conversion will result without loss of accuracy by 
bringing RD low within the minimum time specified for 
tRD- The timin g diagram for this mode is shown in 
Figure 6. WR is the same as when t^o > tiNT i - But in 
this case, RD is brought lo w tRo ns after WR rising 
edge and before INT. INT goes low indicating an end 
of conversion after the falling edge of RD and is reset 
on the risi ng ed ge of RD or CS. When RD is brought 
low before INT goes low the dat a bus always remains 
in the high-impedance state until INTi. 

1.7.5 WR-RD MODE — STAND ALONE OPERATION 

Stand alone operation can be implemented by tying CS 
and RD low as shown in Fig ure 7 . WR initiates a 
conversion as before. When WR is low, the MSB 
comparison is made. When, WR goes high, the LSB 
comparison is made. Since RD is already low, the 
output data will appear automatically at end of 
conversion. Si nce RD is always low, INT is reset on 
rising edge of WR and goes low at end of conversion. 

1.7.6 POWER-ON RESET 

When power is first applied, arLinternal power-on reset 
and timer circuit inhibits the CS input and resets the 
internal circuitry to prevent the ML2264 from starting in 
an unkn own state. During this period of approximately 
3//S, INT remains high and the data bus is in the high- 
impedance state. 
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2.0 TYPICAL APPLICATIONS 




* NO PROTECTION IS REQUIRED IF INPUT CURRENT > 25mA 

Figure 1 2. Protecting the Input 
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Figure 13. Using Vcc ^s Reference for Ratiometric 
Operation 
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Figure 14. Using External Reference of D/A 
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Figure 15. 68000 Type Interface to ML2264 




Figure 16. +2.5V Analog Input Range 
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Figure 17. 8051 Interface to ML2264 
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2.0 TYPICAL APPLICATIONS (Continued) 
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Figure 18. TMS320 Interface with D/A Output 
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Figure 19. Operating with a Ratiometric Analog Signal of 15% of Vcc to 85% of Vcc 



ORDERING INFORMATION 





TOTAL 


TEMPERATURE 




PART NUMBER 


UNADJUSTED ERROR 


RANGE 


PACKAGE 


ML2264BMJ 


±1/2 LSB 


-55°C to +125°C 


HERMETIC DIP 


ML2264BIJ 




-40°C to +85°C 


HERMETIC DIP 


ML2264BCP 




0°C to +70°C 


MOLDED DIP 


ML2264BCS 




0°C to +70°C 
-55°C to +125°C 


MOLDED SOIC 


ML2264CMJ 


±1 LSB 


HERMETIC DIP 


ML2264CIJ 




-40°C to +85°C 


HERMETIC DIP 


ML2264CCP 




0°C to +70°C 


MOLDED DIP 
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0°C to +70°C 
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ML2271 



^? Compatible High-Speed 10-Bit 
A/D Converter with S/H 



GENERAL DESCRIPTION 

The ML2271 is a high speed, //P compatible 10-bit A/D 
converter. A three step flash technique is used to 
achieve a conversion time of 1.45/ys. The ML2271 
operates from a single 5V supply and has an analog 
input range from GND to Vco 

The ML2271 has a true internal sample and hold and 
can digitize sinusoid signals as high as 150kHz without 
conversion errors. 

The ML2271 digital interface has been designed so that 
the device appears as a memory location or I/O port 
to a ^?, eliminating the need for external interfacing 
logic. The data outputs are latched and have three 
state control, allowing direct connection to a //P bus 
or I/O port. The addition of an internal timing 
generator also allows the device to easily operate in 
stand alone applications. 

The ML2271 is pin and function compatible with the 
ADC1061. 



FEATURES 

■ Conversion time over temperature and 

supply voltage tolerance 1.5//S 

■ Linearity error +1/2 LSB or ±1 LSB 

■ Full scale error ±1/2 LSB or +1 LSB 

■ Zero error +1/2 LSB or +1 LSB 

■ Capable of digitizing a 5V, 150kHz sine wave 

■ No missing codes 

■ OV to 5V analog input range with single 5V power 
supply 

■ Analog input protection 25mA min 

■ Operates ratiometrically or with up to 5V voltage 
reference 

■ No external clock required 

■ Easy interface to n?, or operates standalone 

■ Latched, 3-state data outputs 

■ Power-on reset circuitry 

■ Low power 180mW max 

■ Standard 20-pin DIP or surface mount SOIC 

■ 0°C to 70°C, -40°C to +85°C, -55°C to +125°C 
operating temperature range 
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PIN CONNECTIONS 
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PIN DESCRIPTION 



HN NO. 



NAME 



FUNcrroN 



1 D Vcc Digital supply. +5V + 5%. 

Connect to A Vco 

2 INT Interrupt output. This output 

signals the end of a conversion 
and indicates that data is valid 
on the data outputs. See Digital 
Interface section. 

3 WR Write input. Input which 

initiates a conversion. See 
Digital Interface section. 

4 RD Read input. This input latches 

data into the output latches. 
See Digital Interface section. 

5 CS Chip select input. This in put 

must be held low during WR 
and RD for the device to 
perform a conversion. 

6 A Vcc Analog supply. +5V ± 5%. 

Connect to D Vcc- 



PIN NO. NAME 
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FUNCTION 

Negative reference input voltage 
for A/D converter. 

Analog input. 

Positive reference input voltage 
for A/D converter. 

Ground. 

Data output — bit 9 (MSB). 

Data output — bit 8. 

Data output — bit 7. 

Data output — bit 6. 

Data output — bit 5. 

Data output — bit 4. 

Data output — bit 3. 

Data output — bit 2. 

Data output — bit 1. 

Data output — bit (LSB). 



ABSOLUTE MAXIMUM RATINGS 

(Note 1) 

Supply Voltage, A Vco D Vcc 6.5V 

Voltage 

Logic Inputs -0.3V to Vcc + 0.3V 

Analog Inputs -0.3V to Vcc + 0.3V 

Input Current per Pin (Note 2) ±25mA 

Storage Temperature -SS^'C to +150°C 

Package Dissipation 
at Ta = 25°C (Board Mount) 875mW 

Lead Temperature (Soldering 10 sec.) 

Dual-in-Line Package (Molded) 260°C 

Dual-in-Line Package (Ceramic) 300°C 

Molded Small Outline IC Package 

Vapor Phase (60 sec.) 215°C 

Infrared (15 sec.) 220°C 



OPERATING CONDITIONS 

Temperature Range (Note 3) Tmin — Ta ^ Tmax 

ML2271 BMJ, ML2271CMJ -55''C to +125°C 

ML2271BIJ, ML2271CIJ -40°C to +85°C 

ML2271BCS, ML2271CCS 

ML2271BCR ML2271CCP 0°C to +70°C 
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ELECTRICAL CHARACTERISTICS 

Unless otherwise specified, Ta = Tmin to Tmax, D Vcc = A Vcc = +Vref = 5V ± 5%, and -Vref = GND 



PARAMETER 



NOTES 



CONDITIONS 



ML2271XCX 



MIN 



TYP 
(Note 4) 



MAX 



ML2271XIX, ML2271XMX 



MIN 



TYP 

(Note 4) 



MAX 



UNITS 



Converter 



Intergral Linearity Error 
ML2271BXX 
ML2271CXX 


5, 7 


Vref = Vcc 






±1/2 
±1 






±1/2 
±1 


LSB 
LSB 


Differential Linearity Error 
ML2271BXX 
ML2271CXX 


5 


Vref = Vcc 






±1/2 
±1 






±1/2 
±1 


LSB 
LSB 


Full Scale Error 
ML2271BXX 
ML2271CXX 


5 








±1/2 
±1 






±1/2 
±1 


LSB 
LSB 


Zero Scale Error 
ML2271BXX 
ML2271CXX 


5 








±1/2 
±1 






±1/2 
±1 


LSB 
LSB 


Total Unadjusted Error 
ML2271BXX 
ML2271CXX 


5 








±3/4 

±11/2 






±3/4 

±11/2 


LSB 
LSB 


+Vref Voltage Range 


6 




-Vref 




Vcc+0.1 


-Vref 




Vcc+0.1 


V 


-Vref Voltage Range 


6 




GND-0.1 




+Vref 


GND-0.1 




+Vref 


V 


Reference Input 
Resistance 


5 




.9 


1.3 


1.7 


.9 


1.3 


1.7 


kQ 


Analog Input Range 


5,8 




-Vref 




+Vref 


-Vref 




+Vref 


V 


Power Supply Sensitivity 


5 


DC 

Vcc = 5V ± 5%, Vref = 4.75V 




±1/32 


±1/4 




±1/32 


±1/4 


LSB 




lOOmVp-p 

100kHz sine on Vco 

V,N = 




±1/16 






±1/16 




LSB 


Analog Input Leakage 
Current 


5,9 


Converter Idle 


-2 




.2 


-2 




+2 


M 


Analog Input Capacitance 




During Acquisition Period 




25 






25 




PF 



Digital and DC 



V|N(iv Logical "1" Input 
Voltage 


1 

5 




2.0 






2.0 






V 


V|N(0)r Logical "0" Input 
Voltage 


5 








0.8 






0.8 


V 


liisi(i), Logical "1" Input 
Current 


5 


V|N = Vcc 






1 






1 


M 


liN(0), Logical "0" 
Input Current 


5 


V,N = ov 


-1 






-1 






M 


VouTdv Logical "1" 
Output Voltage 


5 


louT = -2mA 


4.0 






4.0 






V 


VouT(O). Logical "0" 
Output Voltage 


5 


Iqut = 2mA 






0.4 






0.4 


V 


buT/ Three-State Output 


5 


VouT = OV 


-1 






-1 






M 


Current 


VouT = Vcc 






1 






1 


M 
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ELECTRICAL CHARACTERISTICS (Continued) 

Unless otherwise specified, Ta = Tmin to Tmax, D Vcc = A Vcc = 
measured at 1.4V, Cl = 100pF. 



+Vref = 5V ± 5%, -Vref = GND, and timing 



PARAMETER 



NOTES 



CONDITIONS 



ML2271XCX 



MIN 



TYP 
(Note 4) 



MAX 



ML2271XIX, ML2271XMX 



MIN 



TYP 
(Note 4) 



MAX 



UNITS 



Digital and DC (Continued) 



CouT/ Logic Output 
Capacitance 








5 






5 




PF 


C|N, Logic Input 
Capacitance 








5 






5 




PF 


Ico Supply Current, 
Analog Plus Digital 


5 


CS = WR = RD = 
No Output Load 






32 






35 


mA 



AC and Dynamic Performance (Note 9) 
















tcoNV/ Conversion Time, 
Interrupt Mode 


6 


Figure 2 






1450 






1600 


ns 


tcoNV/ Conversion Time, 
Write-Read Mode 


5 


Figure 3 






1450 






1600 


ns 


tcoNV/ Conversion Time, 
Read Mode 


6 


Figure 4 






1450 






1600 


ns 


SNR, Signal to Noise Ratio 




V|N = 5V, 150kHz 
Noise is sum of all 
nonfundamental 
components 
from 0-300kHz. 
fsAMPLING = 600kHz 




60 






60 




dB 


HD, Harmonic Distortion 




V,N = 5V, 150kHz 
THD is sum of 2-5th 
harmonics or aliases relative 
to fundamental. 
fsAMPLING = 600kHz 




-60 






-60 




dB 


IMD, Intermodulation 
Distortion 




fa = 2.5V, 150kHz 
fb = 2.5V, 148kHz 
1MB is (fa + fb), (fa - fb), 
(2fa + fb), (2fa - fb), 
(fa + 2fb), or (fa - 2fb) 
relative to fundamental. 
fsAMPLING = 600kHz 




-60 






-60 




dB 


FR, Freqency Response 




V,N = 5V, 0-150kHz 
Relative to 1kHz 
fsAMPLING = 600kHz 




+0.1 






±0.1 




dB 


SR, Slew Rate Tracking 








2.36 






2.36 




V///S 



AC Performance, Figures 2, 3, 4, and 5 



tcssr CS to RD, WR 
Setup Time 


5 


















ns 


tcsH/ CS to RD, WR 
Hold Time 


5 


















ns 


twR, WR Pulse Width 


5 




250 




50K 


300 




50K 


ns 
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ELECTRICAL CHARACTERISTICS (Continued) 

Unless otherwise specified, Ta = Tmin to TmaX/ D Vcc = A Vcc = "•"Vref = 5V ± 5%, and -Vref = GND, and timing 
measured at 1.4V, Cl = 100 pF. 





NOTES 


CONDITIONS 


ML2271XCX 


ML2271XIX, ML2271XMX 




PARAMETER 


MIN 


TYP 

(Note 4) 


MAX 


MIN 


1\? 

(Note 4) 


MAX 


UNITS 


AC Performance, Figures 2, 3, 4, and 5 (Continued) 


tACC2/ WR to Data Valid 


5 








1500 






1600 


ns 


tRD, Read Pulse Width 


5 




100 






120 






ns 


twRL, WRt to RDi 


6 


















ns 


t|NTH. RDt to INTt 


5 




10 




50 


10 




50 


ns 


tRii, RDtolNTi 


5 









50 







50 


ns 


tAcci/ D3t3 Access Time, 
RDi to Data Valid 


5 









55 







60 


ns 


t|n/ Data Access Time, 
INTl to Data Valid 


5 









55 







60 


ns 


tiH, toH/ RDt to Data High 
Impedance State 


5 


Figure 1 


10 




50 


10 




60 


ns 


tp, Delay Time Between 
Conversions 


5 




300 






300 






ns 



Note 2: 



Note 4: 
Note 5: 
Note 6: 
Note 7: 
Note 8: 



Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 

specified are measured with respect to ground. 

When the voltage at any pin exceeds the power supply rails (Vin < GND or V|n > V^c) the absolute value of current at that pin 

should be limited to 25mA or less. 

-55°C to +125°C operating temperature range devices are 100% tested at temperature extremes with worst-case test conditions. 

0**C to +70°C and -40°C to +85''C operating temperature range devices are 100% tested with temperature limits guaranteed by 100% 

testing, sampling, or by correlation with worst-case test conditions. 

Typicals are parametric norm at 25®C. 

Parameter guaranteed and 100% production tested. 

Parameter guaranteed. Parameters not 100% tested are not in outgoing quality level calculation. 

Total unadjusted error includes offset, full scale, linearity, and sample and hold errors. 

For -Vrep > V|N the digital output code will be 0000 0000. Two on-chip diodes are tied to the analog input which will forward 

conduct for analog Input voltages one diode drop below ground or one diode drop greater than the Vcc supply. Be careful, during 

testing at low Vcc levels (4.5V), as high level analog Inputs (5V) can cause this input diode to conduct — especially at elevated 

temperatures, and cause errors for analog inputs near full scale. The spec allows lOOmV forward bias of either diode. This means that 

as long as the analog V||>g or V^pp does not exceed the supply voltage by more than lOOmV, the output code will be correct. To 

achieve an absolute OVqc to 5Vdc input voltage range will therefore require a minimum supply voltage of 4.900Vdc over temperature 

variations, initial tolerance and loading. 
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Figure 2. Interrupt Mode Timing 




Figure 3. WR-RD Mode Timing 
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1.0 FUNCTIONAL DESCRIPTION 

The ML2271 uses a three step flash technique for A/D 
conversion. This technique first performs a 3 bit flash 
conversion on Vin to determine the 3 most significant 
bits (MSB decision). These 3 MSB's are then cycled 
through an internal DAC to recreate the analog input. 
This reconstructed analog input signal from the DAC is 
then subtracted from the input, and the difference 
voltage is converted by a second 3 bit flash conversion 
providing the next 3 significant bits, called intermediate 
significant bits (ISB decision). This procedure is then 
performed again to provide the final 4 least significant 
bits (LSB decision). 



The ML2271 has a true internal sample and hold. The 
internal operat ing s equence is shown in Figure 5. The 
falling edge of WR opens the S/H sampling switch, 
ends the acquisition time for the analog input, and 
starts the conversion on the internally sample and held 
signal. Then the MSB, ISB, and LSB decisions are made. 
INT goes low at end of conversi on an d RD controls the 
data outputs. This falling edge of INT also closes the 
sampling switch and starts the acquisition period for 
the next conversion. 



\ 



mmw 



ACQUISITION 
PERIOD. ISB AND LSB 
COMPARATORS 
AUTOZEROED. 



ISB 

COMPARATORS 

DECIDING. 



LSB 

COMPARATORS 

DECIDING. 



ACQUISITION 
PERIOD. ISB AND LSB 
COMPARATORS 
AUTOZEROED. 



Vin SAMPLING 
ENDS. MSB 
COMPARATORS 
RESULT ARE 
LATCHED. 



ISB 

COMPARATOR 
RESULTS ARE 
LATCHED. 



LSB 

COMPARATOR 
RESULTS ARE 
lATCHED. 



Figure 5. Operating Sequence 



1.1 ANALOG INPUT 

The analog input on the ML2271 behaves differently 
than inputs on conventional converters. The analog 
input current requirements change while the 
conversion is in progress, and the amount of input 
current depends on what cycle the converter is In. 

The Input circuit for the converter is shown in Figure 6A 
with the equivalent input circuit shown in F igure 6B. 
The acquisition period for the S/H starts on INT falling 
edge and ends on WR falling edge. 

The critical period for charging up the analog Input 
occurs during the acquisition period and the source of 
the external signal on V|n must adequately charge up 
the analog voltage during this time. To do this, the 
input must settle within the required analog accuracy 
tolerance 100ns before the end of the acquisition period 
so that the sampling capacitors have adequate time to 
store the input signal. If more time is needed due to 
finit e ch arging or settling time of the external source, 
the WR high period can be extended as long as is 
required. 



1.2 SAMPLE AND HOLD 

The ML2271 does not have the limitation of an 
equivalent circuit implemented with a track/hold. An 
internal sample and hold acquires the analog signal, 
holds it internally, and then a conversion is performed 
on the sample and held signal. Since this is a true 
sample and hold function, the ML2271 can sample and 
hold signals with frequencies as high as 150kHz @ 5V 
(slew rates as high as 2.36V///s) without sacrificing 
conversion accuracy. 

1.3 REFERENCE 

The +Vref and -Vref inputs are the reference voltages 
that determine the full scale and zero input voltages, 
respectively for the A/D converter. Thus, +Vref defines 
the analog input which produces a full scale output and 
-Vref defines the analog input which produces an 
output code of all zeroes. The transfer function for the 
A/D converter is shown in Figure 7. 
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+Vref 3nd -Vref can be set to any voltage between 
GND and Vcc- This means that the reference voltages 
can be offset from GND and the difference between 
+Vref snd -Vref can be made small to increase the 
resolution of the conversion. Note that the linearity 
error increases when [+Vref - (-Vref)] decreases. 



Rs 

V|N— VVV 



^1 

: I 



.5pF 



6 MSB COMPARATORS 



.5pF 

-II- 



O— t II ♦ 1 3 

.05pF[ 1 R 

4:.5pF - X 



3.6K 
Ron 



TO IS oV< 

lADDER S5 ^.5pF 

14 ISB COMPARATORS 



16pF 




S7 7.5pF 

TO S/H BLOCK _L 



Figure 6A. Converter Input Circuit 



:3pF 



*-a 



25 pF 



Figure 6B. Converter Equivalent Input Circuit 



FULL SCALE 
TRANSITION 

\ 
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1LSB2LSB'S3LSB'S 



FS - 1LSB 
A|N, INPUT VOLTAGE (IN TERMS OF LSB'S) 

Figure 7. A/D Transfer Characteristic 



1.4 POWER SUPPLY AND REFERENCE DECOUPLING 

0.1/iF in parallel with 0.01/iF ceramic disc capacitors are 
recommended to bypass A Vcc to GND, as well as D 
Vcc to GND, using the shortest lead lengths possible. 

If +Vref and -Vref inputs are driven by long lines, they 
should be bypassed by 0.1//F in parallel with 0.01//F 
ceramic disc capacitors at the reference input pins. 

1.5 DYNAMIC PERFORMANCE 

1.5.1 SINUSOIDAL INPUTS 

Since the ML2271 has an internal sample and hold, the 
device can digitize high frequency sinusoids with little 
or no signal degradations. Using the Nyquist criteria, 
the highest frequency input to the converter could 
theoretically be 1/2 the sampling rate (fg). Any frequency 
components above fs/2 will be aliased below fs/2. In 
most applications, these aliased components cause 
unacceptable distortion and must be filtered out of the 
input. If the input frequency is too close to fs/2, then 
the requirements on the antialias filter become difficult 
or impossible to realize with standard component and 
tolerances. In most practical applications, the highest 
input frequency has to be limited to 1/3 to 1/4 of fs in 
order to relax the filtering requirements enough to 
make a realizeable antialias filter. 
The maximum sampling rate (fMAx) for the ML2271 can 
be calculated as follows: 

1 



tcoNV + tp 



1 



1.45//S + 0.300//S 



frr 



= 570kHz 



twR = Write Pulse Width 

twRD - Write to Data Delay 

tp = Delay Time between Conversions 

Note that the dynamic performance specifications (SNR, 
HD, IMD, and FR) for the ML2271 are all specified at 
150kHz, which is less than 1/3 of the sampling rate, fs. 
This allows adequate margin between the input 
frequency and the aliased components to allow antialias 
filtering if needed. 

In applications where aliased frequency components 
are acceptable and filtering of the Input signal is not 
needed, the user can apply an input sinusoid higher 
than 150kHz to the device. Note, however, that as the 
input frequency increases above 150kHz, dynamic per- 
formance degradation will occur due to the finite 
bandwidth of the internal sample and hold. 
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1.5.2 SIGNAL-TO-NOISE RATIO 

Signal-to-noise ratio (SNR) is the measured signal to 
noise at the output of the converter. The signal is the 
rms magnitude of the fundamental. Noise is the rms 
sum of all the nonfundamental signals up to half the 
sampling frequency. SNR is dependent on the number 
of quantization levels used in the digitization process; 
the more the levels, the smaller the quantization noise. 
The theoretical SNR for a sine wave is given by 

SNR = (6.02N + 1.76) dB 

where N is the number of bits. Thus for ideal 10-bit 
converter, SNR = 61.96 dB. 

1.5.3 HARMONIC DISTORTION 

Harmonic distortion is the ratio of the rms sum of 
harmonics to the fundamental. Total harmonic 
distortion (THD) of the ML2271 is defined as 

(V22 + V32 + V42 + V52)V2 



20 log ■■ 



Vi 



where Vi is the rms amplitude of the fundamental and 
V2, V3, V4, V5 are the rms amplitudes of the individual 
harmonics. 

1.5.4 INTERMODULATION DISTORTION 

With inputs consisting of sine waves at two frequencies, 
fA and fe, any active device with nonlinearities will 
create distortion products, of order (m + n), at sum and 
difference frequencies of mf^ + nfg, where m, n = 0, 1, 
2, 3 . . . Intermodulation terms are those for which m 
or n is not equal to zero. The (IMD) intermodulation 
distortion specification includes the second order terms 
(U ■•" ^b) and (fA - ffi) and the third order terms 
(2fA + fe), (2fA - fs), (fA + 2fB), and (fA - 2fB) only. 

1.6 DIGITAL INTERFACE 

Depending on the way the external signals are applied 
to the ML2271, the timing of the conversion and 
resultant digital interface can be configured in three 
different modes. 

While the operation for each mode is described below, 
there are some gener al rules t hat d ictat e the general 
relationships between CS, WR, RD, INT, and DB0-DB9. 
The falling edge of WR terminate s the acquisition 
period and initiates a conversion. INT is for ced low 
when a conversion is internally completed. INT is reset 
high by the RD rising edge. DB0-DB9 is in the high 
impedance state except when both RD and INT are 
low. RD low period does not affect the internal 
conversion but only deterrnmes when the digital sign als 
DB0-DB9 are active; thus, RD can occur anytime. CS is 
used to se lect the device and needs to be low only 
while WR is low or when RD is low. 



1.6.1 INTERRUPT MODE 

Timing for the Interrupt Mode is shown in Figure 2. To 
do a conversion, CS must be low to select the device. 
INT falli ng e dge starts the acquisition period. The falling 
edge of WR ends the acquisition period and the MSB 
comparison is made. Then, the (Intermediate Significant 

Bits) ISB and LSB decisions are made with internal 

timing signals. After the conversion is complete, INT 
goes low indicating end of conversion. When RD goes 
low, DB0-DB9 goes from high impedance to the a ctive 
state with the digital result of the conversion. INT is 
reset high and DB0-DB9 is reset to high impedance on 
the rising edge of RD. 

Interrupt Operation is intended to b e use d in interrupt 
driven systems or applications where INT signals the 
transfer of data. 

1.6.2 WRITE-READ MODE 

Write-Read Operation is the same as Interrupt 
Operation except that RD is brought lo w bef ore the 
internal conversion is completed (before INT goes low). 

Timing for Write-Read Operation is shown in Figure 3. 
To perf orm a conversion, CS must be low to select the 
device. INT falling edge starts the acquisition period. 
The falling edge of WR ends the acquisition period and 
the MSB decision is made. Then, the ISB and LSB 
decisions are made by internal timing signals. In this 
mode, RD is brought low before the internal 
conversion is completed. When the internal conversion 
is completed, INT will be forced low and data will 
appear on DB0-DB9 as long as RD is still low. INT is 
reset high and DB0-DB9 is reset to high impedance on 
the rising edge of RD. 

Write-Read Operation is intended for applications 
where RD controls the transfer of data to a 
microprocessor. 

1.6.3 READ MODE 

Rea d Mode Operation is impl emented by tying RD to 
WR and keeping RD and WR low long enough so that 
the conversion time is totally determined by the 
internal timing signals. 

Timing for the Read Mode is shown in Figure 4. To do 
a conve rsion , CS must be low to select the device. The 
RD and WR falling edge starts the conversion. 
RD and WR is held low for the entire internal 
conversion. Thus, the MSB, ISB, and LSB comparisons 
along with the end of the acquisition period are made 
by internally generated timin g signals. After t he 
conversion is complete, INT goes low. Since RD is fixed 
low, DB0-DB9 will g o from hi gh im pedance to active 
state as soon as INT goes low. INT is reset high and 
DB0 -DB9 is reset to high impedance on rising edge of 
WR and RD. 
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Read Mode Operation allows a conversion to be done 
with the device's own internal timing and thus, no 
external timing is needed. 



1.6.4 POWER-ON RESET 

When power is first applied, an internal power-on reset 
and timer circuit inhibits the CS input and resets the 
internal circuitry to prevent the ML2271 from starting in 
an u nkno wn state. During this period of approximately 
50//S, INT remains high and the data bus is in the high- 
impedance state. 



2.0 TYPICAL APPLICATIONS 




< V|N < VcC ( 



ML2271 
A Vcc 

+VREF 



zrrr 



-Vref 

GND 



.lyuF sfc.OI/wF 



qp.lyUh ^ 



h 



PROTECTION IS REQUIRED IF INPUT CURRENT > 25mA 

Figure 8. Protecting the Input 



Figure 9. Using Vcc as Reference for Ratiometric 
Operation 



< ViN < Vref c 



+Vref 
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.1/iF 
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^ 
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ML2341 

D/A 
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REFERENCE 
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Figure 10. Using External Reference of D/A 
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2.0 TYPICAL APPLICATIONS continued) 



ML2271 
CS 
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RD 



DB9 
DBO 



I ADi 



ADDRESS 
DECODE 



>-o- 



-<li<- 



^ 



DTACK 
R/W 



D15 
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Figure 11. 68000 Type Interface to ML2271 




Figure 12. +2.5V Analog Input Range 
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DBO 
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Figure 13. Simultaneous Sampling of Two Variables 
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2.0 TYPICAL APPLICATIONS (Continued) 



DB9 
DBO 
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RD 
ML2271 



—a 



CLOCK 
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OR 
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DECODE 



^ 



DB9 
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Figure 14. TMS320 Interface with D/A Output 
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Figure 15. Operating with a Ratiometric Analog Signal of 15% of Vcc to 85% of Vcc 
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ORDERING INFORMATION 







TEMPERATURE 




PART NUMBER 


LINEARITY ERROR 


RANGE 


PACKAGE 


ML2271BMJ 


+V2 LSB 


-55°C to +125°C 


HERMETIC DIP 


ML2271BIJ 




-40°C to +85°C 


HERMETIC DIP 


ML2271BCP 




0°C to +70°C 


MOLDED DIP 


ML2271BCS 




0°C to +70°C 
-55°C to +125°C 


MOLDED SOIC 


ML2271CMJ 


±1 LSB 


HERMETIC DIP 


ML2271CIJ 




-40°C to +85°C 


HERMETIC DIP 


ML2271CCP 




0°C to +70°C 


MOLDED DIP 


ML2271CCS 




0°C to +70°C 


MOLDED SOIC 
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Serial I/O 8-Bit A/D Converters 



GENERAL DESCRIPTION 

The ML2280 and ML2283 are 8-bit successive approximation 
A/D converters with serial I/O and configurable input 
multiplexers with up to 4 input channels. 

All errors of the sample-and-hold incorporated on the 
ML2280 and ML2283, are accounted for in the analog-to- 
digital converters accuracy specification. 

The voltage reference can be externally set to any value 
between GND and Vcc/ thus allowing a full conversion over 
a relatively small voltage span if desired. 

The ML2283 is an enhanced double polysilicon CMOS pin 
compatible second source for the ADC0833 A/D converter. 
All parameters are guaranteed over temperature with a 
power supply voltage of 5 V ± 10% . 



FEATURES 

■ Conversion time 6jl(S 

■ ML2280 capable of digitizing a 5 V, 40 kHz sine wave 

■ Total unadjusted error with external 

reference ± V2 LSB or ± 1 LSB 

■ Sample-and-hold 375 ns acquisition 

■ to 5 V analog input range with single 5 V power 
supply 

■ 2.5 V reference provides to 5 V analog input range 

■ No zero or full-scale adjust required 

■ Low power 12.5 mW MAX 

■ Analog input protection 25 mA (min) per input 

■ Differential analog voltage inputs 

■ 0.3'' width 8- or 14-pln DIP 

■ 4-channel input MUX option 

■ Superior pin compatible replacement for ADC0833 



BLOCK DIAGRAMS 



ML2280 



ML2283 




i i 



CHOC 
CHIC 
CH2C 
CH3C 



4-CHANNEL 

S.E. 

OR 

2-CHANNEL 

DIFF. 
MULTIPLEXER 



INPUT 
SHIFT-REGISTER 



CONTROL 

AND 

TIMING 



OUTPUT 
SHIFT-REGISTER 



A/D 

CONVERTER 

WITH 

SAMPLE & HOLD 

FUNCTION 



SHUNT 
REGUIATOR 



VreF/2 



Vcc v + 
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PIN CONNECTIONS 



ML2280 Single Differential Input 

8-PIN DIP 



c-s[ 


1 


"CT" 


8 


]vcc 


V|N(+)[ 


2 




7 


]CLK 


V|N(-)[ 


3 




6 


]do 


gnd[ 


4 




5 


] Vref/2 



ML2283 4-ChannelMUX 

14-PIN DIP 



v.C 


1 


^14 


]Vcc 


rsC 


2 


13 


]D. 


CH0[ 


3 


12 


]CLK 


CHl[ 


4 


11 


]SARS 


CH2[ 


5 


10 


]do 


CH3[ 


6 


9 


] Vref/2 


dgnd[ 


7 


8 


]agnd 



PIN DESCRIPTION 



NAME 


FUNCTION 


Vcc 


Positive supply. 5 volts ± 107o 


DGND 


Digital ground. volts. All digital 
Inputs and outputs are referenced 
to this point. 


AGND 


Analog ground. The negative refer- 
ence voltage for A/ D converter. 


GND 


Combined analog and digital 
ground. 


CHaV,N+,V,N- 


Analog inputs. Digitally selected to 
be single ended (V|n) or; V|n + or 
V|N- of a differential input. Analog 
range = GND<V|N<Vcc 


Vref/2 


Reference. The analog input range 
is twice the positive reference 
voltage value applied to this pin. 


V-h 


input to the Shunt Regulator. 


DO 


Data out. Digital output which 
contains result of A/ D conversion. 
The serial data is clocked out on 
falling edges of CLK. 



NAME 



FUNCTION 



SARS Successive approximation register 

status., Digital output which indi- 
cates that a conversion is in pro- 
gress. When SARS goes to 1, the 
sampling window is closed and 
conversion begins. When SARS 
goes to 0, conversion is com- 
pleted. When CS = 1, SARS is in 
high impedance state. 

CLK Clock. Digital input which clocks 

data in on Dl on rising edges and 
out on DO on falling edges. Also 
used to generate clocks for A/ D 
conversion. 

Dl Data input. Digital Input which 

contains serial data to program the 
MUX and channel assignments. 

CS Chip select. Selects the chip for 

multiplexer and channel assign- 
ment and A/ D converison. When 
CS = 1, all digital outputs are in high 
impedance state. When CS = 0, 
normal A/ D conversion takes 
place. 
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ABSOLUTE MAXIMUM RATINGS 

(Notel) 

Current into V+ 15mA 

Supply Voltage, V^c 6-5V 

Voltage 

Logic Inputs - 7 V to Vcc +7 V 

Analog Inputs -0.3Vto Vcc +0.3V 

Input Current per Pin (Note 2) ±25mA 

Storage Temperature -65°Cto +150°C 

Package Dissipation 
atTA=25°C (Board Mount) 800mW 

Lead Temperature (Soldering 10 sec.) 

Dual-ln-Line Package (Molded) 260°C 

Dual-ln-Lrne Package (Ceramic) 300°C 



OPERATING CONDITIONS 



Supply Voltage, Vcc 4.5VDcto6.3VDc 

Temperature Range (Note 3) Tjviin<Ta<Tmax 

ML2280BMJ, ML2283BMJ -55°Cto +125°C 

ML2280BIJ, ML2283BIJ -40°Cto +85°C 

ML2280CIJ, ML2283CIJ 

ML2280BCP, ML2283BCP 0°Cto +70°C 

ML2280CCP, ML2283CCP 



ELECTRICAL CHARACTERISTICS 

Unless otherwise specified Ta=Tmin toTMAX/ Vcc=5V±107o, fcLK= 1-333 MHz, and Vref/2 = 2.5V. 




NOTES 


CONDITIONS 


ML2280B, ML2283B 


ML2280C, ML2283C 




PARAMETER 


MIN 


TYP 
NOTE 4 


MAX 


MIN 


TYP 
NOTE 4 


MAX 


UNITS 


CONVERTER AND MULTIPLEXER CHARACTERISTICS 


Total Unadjusted Error 


5,7 


VrEf/2 = 2.5V 
Vref/2 not Connected 






±1/2 

±2 






±1 
±2 


LSB 
LSB 


Reference Input 
Resistance, Vrep/2 


5 




3 


5 


7.5 


3 


5 


7.5 


kQ 


Common-Mode Input 
Range 


5,8 




GND 
-0.05 




Vcc 
+0.05 


GND 
-0.05 




Vcc 
+0.05 


V 


DC Common-Mode 
Error 


6 


Common Mode 
Voltage GND to Vcc/2 




±Vl6 


±1/4 




±1/16 


±1/4 


LSB 


AC Common-Mode 
Error 


6 


Comon Mode Voltage 

GNDtoVco 
to 50 kHz 






±1/4 






±1/4 


LSB 


DC Power Supply 
Sensitivity 


6 


Vcc=5V±107o 
Vref<Vcc+0.1V 




±1/32 


±1/4 




±1/32 


±1/4 


LSB 


AC Power Supply 
Sensitivity 


6 


100mVp.p, 25 kHz Sine 
on Vcc 






±1/4 






±1/4 


LSB 


Change in Zero Error 
from Vcc = 5V to Inter- 
nal Zener Operation 


6 


15 mA into Vh- 
Vcc = N.C 
Vref/2 = 2.5V 




±1/2 






±1/2 




LSB 


Vz, Internal Diode 
Regulated Breakdown 
(atV-H) 




15 mA into V-H 




6.9 






6.9 




V 


V-f- Input Resistance 


5 




20 


35 




20 


35 




kQ 


loff, Off Channel 
Leakage Current 


5,9 


On Channel = Vcc 
Off Channel =0V 


-1 






-1 






/iA 




On Channel =0V 
Off Channel = Vcc 






+1 






+1 


mA 


lon/ On Channel 
Leakage Current 


5,9 


On Channel =0V 
OffChanneUVcc 


-1 






-1 






/iA 




On Channel = Vcc 
Off Channel =0V 






-Hi 






+1 


mA 
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ELECTRICAL CHARACTERISTICS (Continued) 

Unless otherwise specified Ta=Tmin toTMAX/ Vcc = 5V±107o, fcLK=1-333MHz, and Vref/2 = 2.5V. 



PARAMETER 



NOTES 



CONDITIONS 



MIN 



TYP 
NOTE 4 



MAX 



DIGITAL AND DC CHARACTERISTICS 



AC ELECTRICAL CHARACTERISTICS 



LIMIT 
UNITS 



V|N(i), Logical "1" Input 
Voltage 


5 




2.0 






V 


V|N(0)/ Logical "0" Input 
Voltage 


5 








0.8 


V 


liN(i), Logical "1" Input Current 


5 


V,N=Vcc 






1 


mA 


l,N(0), Logical "0" Input 
Current 


5 


V,N=OV 


-1 






mA 


VouT(i)/ Logical "1" Output 
Voltage 


5 


louT=-2mA 


4.0 






V 


VouT(O). Logical "0" Output 
Voltage 


5 


louT=2mA 






0.4 


V 


Iqut/ Hi-Z Output 
Current 


5 


VouT=OV 
VouT=Vcc 


-1 




1 


mA 
mA 


'source/ Output Source 
Current 


5 


VouT=OV 


-6.5 






mA 


•sink/ Output Sink Current 


5 


VouT=Vcc 






8.0 


mA 


\qq, Supply Current 


5 






1.3 


2.5 


mA 



fcLK/ Clock Frequency 


5 




10 




1333 


kHz 


UcQ' Sample-and-Hold 








1/2 




l/fclK 


Acquistion 














tc, Conversion Time 




Not including MUX 
Addressing Time 




8 




1/fcLK 


SNR, Signal to Noise Ratio 


12 


V|N=40kHz,5VSine. 




47 




dB 


ML2280 




fcLK= 1.333 MHz 
(1^SAMPLiNC=120kHz). 
Noise is Sum of All 
Nonfundamental 
Components up to V2 of 
Sampling 










THD, Total Harmonic 


12 


V|N=40kHz,5VSine. 




-60 




dB 


Distortion ML2280 




fcLK= 1-333 MHz 
(fsAMPLiNG=120kHz). 
THDisSumof2,3,4,5 
Harmonics Relative to 
Fundamental 










IMD, Intermodulation 


12 


V,N=fA+fB.fA = 40kHz, 




-60 




dB 


Distortion ML2280 




2.5 V Sine. 

fB = 39.8kHz, 2.5V Sine, 

fcLK= 1-333 MHz 

(fsAMPLING=120kHz). 

IMDis(fA+fB),(fA-U 

(2fA+fBU2fA-fB), 

(fA+2fB),(fA-2fB) Rela- 
tive to Fundamental 










Clock Duty Cycle 


5,10 




40 




60 


% 


tsET-UP CS Falling Edge or Data 


5 




130 






ns 


Input Valid to CLK Rising Edge 














tnoLD/ Data Input Valid after 


5 




80 






ns 


CLK Rising Edge 
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ELECTRICAL CHARACTERISTICS(Continued) 

Unless Otherwise specified Ta=Tmin toTMAX/ Vcc = 5V±107o, fcLK = 1-333 MHz, and Vref/2 = 2.5V 



PARAMETER 



NOTES CONDITrONS 



MIN 



TYP 
NOTE 4 



MAX 



LIMIT 
UNITS 



AC ELECTRICAL CHARACTERISTICS 



tpdi/tpdo-CLK Falling Edge to 
Output Data Valid 


5,11 


Cl = 100pF 
Data MSB First 
Data LSB First 




90 
50 


200 
110 


ns 
ns 


tiH/toH.-RisingEdgeofCSto 
Data Output and SARS Hi-Z 


6 


Cl = 10pF, RL = 10k(see 
High Impedance Test 
Circuits) 




40 


90 


ns 




6 


Cl = 100pF, Rl = 2I< 




80 


160 


ns 


C|N, Capacitance of Logic 
Input 








5 




pF 


Cqut/ Capacitance of Logic 
Outputs 








5 




pF 



Note 1; Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 
specified are measured with respect to ground. 

Note 2: When the input voltage (V|n) at any pin exceeds the power supply rails (V|n<GND or V|n >Vcc) the absolute value of current at that 
pin should be limited to 25 m A or less. 

Note 3: - 55°C to +125°C operating temperature range devices are 100% tested at temperature extremes with worst-case test conditions. 0°C 
to 70°C and - 40°C to +85°C operating temperature range devices are 100% tested with temperature limits guaranteed by 100% testing, sam- 
pling, or by correlation with worst-case test conditions. 
Note 4: Typicals are parametric norm at 25 °C. 
Note 5: Parameter guaranteed and 100% production tested. 

Note 6: Parameter guaranteed. Parameters not 100% tested are not in outgoing quality level calculation. 
Note 7: Total unadjusted error includes offset, full-scale, linearity, multiplexer and sample-and-hold errors. 

Note 8: For V|n(-) > V|n(+) the digital output code will be 0000 0000. Two on-chip diodes are tied to each analog input (See Block Diagram) 
which will forward conduct for analog input voltages one diode drop below ground or one diode drop greater then the Vcc supply. Be careful, 
during testing at low Vcc levels (4.5 V), as high level analog inputs (5 V) can cause this input diode to conduct-especially at elevated 
temperatures, and cause errors for analog inputs near full-scale. The spec allows 50 mV forward bias of either diode. This means that as long as 
the analog Vin or Vref does not exceed the supply voltage by more than 50 mV, the output code will be correct. To achieve an absolute V to 
5V input voltage range will therefore require a minimum supply voltage of 4.950 Vpc over temperature variations, initial tolerance and loading. 
Note 9: Leakage current is measured with the clock not switching. 

Note 10: A 40% to 60% clock duty cycle range insures proper operation at all clock frequencies. In the case that an available clock has a duty 
cycle outside of these limits, the minimum, time the clock is high or the minimum time the clock is low must be at least 300 ns. The maximum 
time the clock can be high or low is 60 /iS. 

Note 11: Since data, MSB first, is the output of the comparator used in the successive approximation loop, an additional delay is built in (See 
Block Diagram) to allow for comparator response time. 
Note 12: Because of multiplexer addressing, test conditions for the ML2283 is V|n = 30 kHz, 5 V sine (fsAMPLiNG~89kHz). 
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Figure 1. High Impedance Test Circuits and Waveforms 
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Figure 2. Timing Diagrams 
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ML2280 Timing 
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ML2283 Timing 
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Figure 2. Timing Diagrams (Continued) 
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Figure 3. Linearity Error vs Iclk 
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* SOME OF THESE FUNCTIONS/PINS ARE NOT AVAILABLE WITH ML2280. 

Figure 6. ML2283 Functional Block Diagram 
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1.0 FU NCTIONAL DESCRI PTION 

1.1 Multiplexer Addressing 

The design of these converters utilizes a sample data compar- 
ator structure which provides for a differential analog input to 
be converted by a successive approximation routine. 

The actual voltage converted is always the difference be- 
tween an assigned ''+" input terminal and a "-" input ter- 
minal. The polarity of each input terminal of the pair being 
converted indicates which line the converter expects to be 
the most positive. If the assigned "4-" input is less than the 
"-" input the converter responds with an all zeros output 
code. 

A unique input multiplexing scheme has been utilized to 
provide multiple analog channels with software configurable 
single ended, or differential options. 

A particular input Configuration is assigned during the MUX 
addressing sequence, prior to the start of a conversion. The 
MUX address selects which of the analog inputs are to be 
enabled and whether this input is single ended or differential. 
In the differential case, it also assigns the polarity of the ana- 
log channels. Differential inputs are restricted to adjacent 
channel pairs. For example, channel and channel 1 may be 
selected as a different pair but channel or channel 1 cannot 
act differentially with any other channel. In addition to select- 
ing the differential mode, the sign may also be selected. 
Channel may be selected as the positive input and channel 
1 as the negative input or vice versa. This programmability is 
illustrated by the MUX addressing codes shown in Table 7. 

The MUX address is shifted into the converter via the Dl 
input. Since the ML2280 contains only one differential input 
channel with a fixed polarity assignment, it does not require 
addressing. 

Since the input configuration is under software control, it can 
be modified, as required, at each conversion. A channel can 
be treated as a single-ended, ground referenced input for one 
conversion; then it can be reconfigured as part of a differen- 
tial channel for another conversion. Figure 7 illustrates these 
different input modes. 



Table 1. ML2283 MUX Addressing 4 Single-Ended or 2 
Differential Channel 

Single-Ended MUX Mode 



MUX Address 


Channel # 


SGL/ 
DIF 


ODD/ 
SIGN 


SELECT 





1 


2 


3 


1 





1 








1 


+ 








1 





1 


1 






+ 




1 


1 





1 




+ 






1 


1 


1 


1 








+ 


Differential MUX Mode 


MUX Address 


Channel # 


SGL/ 
DIF 


ODD/ 

SIGN 


SELECT 





1 


2 


3 


1 














1 


-1- 


- 












1 


1 






+ 


- 





1 





1 


- 


+ 









1 


1 


1 






- 


-1- 



4 SINGLE-ENDED 



— 


+ 


1 — 


+ 


2 


+ 


3 


+ 


± 


AGND 



2 DIFFERENTIAL 



MIXED MODE 



0,1< 



2,3{ 



+(-) 


-(+) 


+(-) 


-(+) 




Figure 7. Analog Input Muhiplexer Functional 
Options for MU283 
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1.2 Digital Interface 

The block diagram and timing diagrams in Figures 2-5 illus- 
trate how a conversion sequence is performed. 

A conversion is initiated vy^hen CS is pulsed low. This line 
must be held low for the entire conversion. The converter is 
now waiting for a start bit and its MUX assignment word. 

A clock is applied to the CLK input. On each rising edge of 
the clock, the data on Dl is clocked into the MUX address 
shift register. The start bit is the first logic "1" that appears on 
the Dl input (all leading edge zeros are ignored). After the 
start bit, the device clocks in the next 2 to 4 bits for the MUX 
assignment word. 

When the start bit has been shifted into the start location of 
the MUX register, the input channel has been assigned and a 
conversion Is about to begin. An interval of V2 clock period is 
used for sample-and-hold settling through the selected MUX 
channels. The SAR status output goes high at this time to 
signal that a conversion is now in progress and the Dl input is 
ignored, 

The DO output comes out of high impedance and provides a 
leading zero for this one clock period. 

When the conversion begins, the output of the comparator, 
which indicates whether the analog input is greater than or 
less than each successive voltage from the internal DAC, 
appears at the DO output on each falling edge of the clock. 
This data is the result of the conversion being shifted out 
(with MSB coming first) and can be read by external logic or 
jL(P immediately. 

After 8 clock periods, the conversion is completed. The SAR 
status line returns low to indicate this V2 clock cycle later. 

The serial data is always shifted out MSB first during the con- 
version. After the conversion has been completed, the data is 
shifted out a second time with LSB first. The ML2280 data is 
shifted out only once, MSB first. 

All internal registers are cleared_when the CS input is high. If 
another conversion is desired, CS must make a high to low 
transition followed by address information. 

The Dl input and DO output can be tied together and con- 



trolled through a bidirectional ^P I/O bit with one connec- 
tion. This is possible because the Dl input is only latched in 
during the MUX addressing interval while the DO output is 
still in the high impedance state. 

1.3 Reference 

The ML2280 and ML2283 are intended primarily for use in 
circuits requiring absolute accuracy. In this type of system, 
the analog inputs vary between very specific voltage limits 
and the reference voltage for the A/ D converter must remain 
stable with time and temperature. For ratiometric applica- 
tions, see the ML2281 and ML2284 which have a Vref '"Put 
that can be tied to Vcc- 

The voltage applied to the Vref/2 P'" defines the voltage span 
of the analog input (the difference between VIN + and V|n -) 
over which the 256 possible output codes apply. A full-scale 
conversion (an all Is output code) will result when the voltage 
difference between a selected "+" input and "-" input is 
approximately twice the voltage at the Vref/2 P'f^- This inter- 
nal gain of 2 from the applied reference to the full-scale input 
voltage allows biasing a low voltage reference diode from the 
5 Vdc converter supply. To accommodate a 5 V input span, 
only a 2.5 V reference is required. The output code changes 
in accordance with the following equation: 



Output Code = 256 



V| n(+)-V|n(-) 
2(Vref/2) 



where the output code is the decimal equivalent of the 8-bit 
binary output (ranging from to 255) and the term Vref/2 's 
the voltage to ground. 

The Vref/2 P'n 's the center point of a two resistor divider 
(each resistor is 10 kQ) connected from Vcc to ground. Total 
ladder input resistance is the parallel combination of these 
two equal resistors. As shown in Figure 8, a reference diode 
with a voltage less than Vcc/2 can be connected without 
requiring an external biasing resistor if its current require- 
ments meet the indicated level. 

The minimum value of Vref/2 can be quite small (See Typical 
Performance Curves) to allow direct conversions of trans- 
ducer outputs providing less than a 5 V output span. Particu- 



vcc 

5V 



tiok 



ML2280 
ML2283 



1 10k 



Ognd 

VfuLL-SCALE=2.4V 



Vref/2 

o 



II- 1 

Jii Vz 



Vcc 
9— 



ML2280 , 
ML2283 



Hok 



<> Vref/2 



Vfull-scale-s.ov 



NOTE: NO EXTERNAL BIASING RESISTOR NEEDED IF Vz< ~ and Iz min.< ^—^^^ 



Figure 8. Reference Biasing 



2-158 



J3^ Micro Linear 



ML2280, ML2283 



lar care must be taken with regard to noise pickup, circuit 
layout and system error voltage sources when operating with 
a reduced span due to the increased sensitivity of the con- 
verter (1 LSB equals Vref/256)- 

1.4 Analog Inputs and Sample/ Hold 

An importantfeatureoftheML2280and ML2283 is that they 
can be located at the source of the analog signal and then 
communicate with a controlling /iP with just a few wires. This 
avoids bussing the analog inputs long distances and thus 
reduces noise pickup on these analog lines. However, in 
some cases, the analog inputs have a large common mode 
voltage or even some noise present along with the valid ana- 
log signal. 

The differential input of these converters reduces the effects 
of common mode input noise. Thus, if a common mode 
voltage is present on both "-f-" and "-" inputs, such as 
60 Hz, the converter will reject this common mode voltage 
since it only converts the difference between " +" and " - " 
inputs. 

The ML2280 and ML2283 have a true sample-and-hold cir- 
cuit which samples both " +" and " - " inputs simultane- 
ously. This simultaneous sampling with a true S/ H will give 
common mode rejection and AC linearity performance that 
is superior to devices where the two input terminals are not 
sampled at the same instant and where true sample-and-hold 
capability does not exist. Thus, these A/ D converters can 
reject AC common mode signals from DC-50 kHz as well as 
maintain linearity for signals from DC-50kHz. 

The signal at the analog input is sampled during the interval 
when the sampling switch is closed prior to conversion start. 
The sampling window (S/H acquisition time) is V2 CLK per- 
iod wide and occurs V2 CLK period before DO goes from 
high impedance to active low state. When the sampling 
switch closes at the start of the S/ H acquisition time, 8pF of 
capacitance is thrown onto the analog input. V2 CLK period 
later, the sampling switch is opened and the signal present at 
the analog input is stored. Any error on the analog input at 
the end of the S/H acquisition time will cause additional 
conversion error. Care should be taken to allow adequate 
charging or settling time from the source. If more charging or 
settling time is needed to reduce these analog input errors, a 
longer CLK period can be used. 

For latch-up immunity each analog input has dual diodes to 
the supply rails, and a minimum of ± 25 mA(± 100mA typi- 
cally) can be injected into each analog input without causing 
latch-up. 

1.5 Zero E rror Adjustment 

The zero of the A/ D does not require adjustment. If the mini- 
mum analog input voltage value, Vinmin 's not ground, a 
zero offset can be done. The converter can be made to out- 



put 00000000 digital code for this minimum input voltage by 
biasing any V|n - input at this Vinmin value. This utilizes the 
differential mode operation of the A/ D. 

The zero error of the A/ D converter relates to the location of 
the first riser of the transfer function and can be measured by 
grounding the V|n - input and applying a small magnitude 
positive voltage to the V|n -i- input. Zero error is the difference 
between the actual DC input voltage which is necessary to 
just cause an output digital code transition from 00000000 to 
00000001 and the ideal V2 LSB value (V2 LSB = 9.8 mV for 
Vref/2 = 2.500 Vdc). 

1.6 Full-Scale Adjustment 

The full-scale adjustment can be made by applying a differen- 
tial input voltage which is 1 V2 LSB down from the desired 
analog full-scale voltage range and then adjusting the magni- 
tude of the Vref/2 input for a digital output code which is just 
changing from 11111110 to 11111111. 

1.7 Adjustment for an Arbitrary Analog Input Voltage 
Range 

If the analog zero voltage of the A/ D is shifted away from 
ground (for example, to accommodate an analog input signal 
which does not go to ground), this new zero reference should 
be properly adjusted first. A V|n -i- voltage which equals this 
desired zero reference plus V2 LSB (where the LSB is calcu- 
lated for the desired analog span, 1 LSB = analog span/ 256) is 
applied to selected " -1-" input and the zero reference voltage 
at the corresponding " - " input should then be adjusted to 
just obtain the 00000000 to 00000001 code transition. 

The full-scale adjustment should be made by forcing a 
voltage to the Vin + input which is given by: 

V,N + fsadjust = Vmax-1.5*[(Vmax-Vmin)/256] 
where Vmax = high end of the analog input range 

Vmin = low end (offset zero) of the analog range 

The Vref Of Vcc voltage is then adjusted to provide a code 
changefrom 11111110 to 11111111. 

1.8 Shunt Regulator 

A unique feature of the ML2283 is the inclusion of a shunt 
regulator connected from V+ terminal to ground which also 
connects to the Vcc terminal (which is the actual converter 
supply) through a silicon diode as shown in Figure 9. When 
the regulator is turned on, the V-i- voltage is clamped at 11 
Vbe set by the internal resistor ratio. The typical l-V curve of 
the shunt regulator is shown in Figure 10. It should be noted 
that before V-h voltage is high enough to turn on the shunt 
regulator (which occurs at about 5.5 V), 35 kQ of resistance is 
observed between V-i- and GND. When the shunt regulator 
is not used, V+ pin should be either left floating or tied to 
GND. The temperature coefficient of the regulator is 
-22mV/°C. 
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2.0 APPLICATIONS 



CURRENT LIMITING 
RESISTORJ + <15mA 




8051 Interface and Controlling Software 



>- 



>- 



CHO CS 


<- 


Pl3 


CLK 
ML2283 

Di 


^ 


Pl2 

8051 

Pit 


CH3 DO 


-^ 


Pio 



Figure 9. Shunt Regulator 




5.5V 6.9V 



Figure 10. I-V Characteristic of the 
Shunt Regulator 



Mnemonic | 


Instruction 


START 


ANL 


PI, #0F7H 


SELECT A/ D 
CS=0) 




MOV 


B,#5 


BITCOUNTER^S 




MOV 


A, #ADDR 


A ^ MUX BIT 


LOOP1: 


RRC 


A 


CY *- ADDRESS BIT 




JC 


ONE 


TEST BIT 
BIT = 


ZERO: 


ANL 


PI, #OFEH 


DI*-0 




SJMP 


CONT 


CONTINUE 
BIT = 1 


ONE: 


ORL 


P1,#l 


Dl-1 


CONT: 


ACALl, 


PULSE 


PULSESK0^1-*0 




DJNZ 


B, LOOP! 


CONTINUE UNTIL DONE 




ACALL 


PULSE 


EXTRA CLOCK FOR SYNC 




MOV 


B,#8 


BITCOUNTER^8 


LOOP 2- 


ACALL 


PULSE 


piii<;F<;k'n-»> 1 -»■ 




MOV 


A, PI 


CY^DO 




RRC 


A 






RRC 


A 






MOV 


A,C 


A ^ RESULT 




RLC 


A 


A(0)^ BIT AND SHIFT 




MOV 


C,A 


C *- RESULT 




DJNZ 


B, LOOP 2 


CONTINUE UNTIL DONE 


RETI 






PULSE SUBROUTINE 


PULSE: 


ORL 


PI, #04 


SK^I 




NOP 




DELAY 




ANL 


PI, #OFBH 


SK*-0 




RET 
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APPLICATIONS (Continued) 



ML2283 "Stand-Alone" or Evaluation Circuit 
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CLOSE TO 
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A/ D CONVERSION 
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HZ)-^ 
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-05Vdc 
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PARALLEL INPUTS 



INPUT SHIFT REGISTER 
74HC165 



GNC^ 
DO 



v^ — 

5Vdc 
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-V/v f VA 1 ^AA f VA- 



1 



ANALOG INPUTS 
ML2283 



Vref/2 AGND DGND V+ "^(^^ 



i^ 4? M i 



2.5V 






CLR 

Q D 

CLK 



1 



5Vdc 



14 



OUTPUT SHIFT REGISTER 
74HC164 
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Qh 



Qa 



10m F 

rti 
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DATA DISPLAY 
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Low-Cost Remote Temperature Sensor 
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APPLICATIONS (Continued) 



Protecting the Input 



15VDC 

9 OP 






V|n(+) Vcc 




-15VDC 






ML2280 




1 


VlN(-) 











Vcc 

(5Vdc) 
Q 



=i::lO/iF 



Vcc 0.1Q 

(5Vdc)^ 



DIODE CLAMPING IS NOT NEEDED 
IF CURRENT IS LIMITED TO 25mA 

Digitizing a Current Flow 

*- Iload (2 a FULL-SCALE) 



t240k 
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Vin(-) Vcc 



V|n(+) Vref/2 



^Vcc 

?(5Vdc) 



7k^0ixf 



'2k 



9.1k 



M20k 



r3. 



LOAD 



Operating with Ratiometric Transducers 




*V|N(-) =0.15 Vcc 

15% OF Vcc < VxDR < 85% OF Vcc 



8.2 k 



V|N 



Span Adjust: OV<V|N< 3 V 



Vcc 

(5Vdc) 
Q 
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Vin(+) Vcc 



Vin(-) Vref/2 



;iomF 



10 k 

FS 

ADj. 




=^>2k 






SET FOR 1.5 V^ 
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APPLICATIONS (Continued) 



Zero-Shift and Span Adjust: 2V< V|n<5V 



Vcc 

(5Vdc) 
Q 



V|N 




Vin(+) Vcc 



ML2280 



yiN(-) Vref/2 



SETS ZERO 
CODE VOLTAGE 




^ImF 






SETS 
VOLTAGE SPAN 



300 Q 
ADJ.< 



1.2 V I 



Digital Load Cell 



STRAIN GAUGE 

LOAD CELL 
300Q/30mVFS 




• USES ONE MORE WIRE THAN LOAD CELL ITSELF 

• TWO MINi-DiPs COULD BE MOUNTED INSIDE LOAD CELL 
FOR DIGITAL OUTPUT TRANSDUCER 

• ELECTRONIC OFFSET AND GAIN TRIMS RELAX MECHANICAL 
SPECS FOR GAUGE FACTOR AND OFFSET 

• LOW LEVEL CELL OUTPUT IS CONVERTED IMMEDIATELY FOR 
HIGH NOISE IMMUNITY 
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p START 
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TMS320 
SERIES 
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CLK 



Sampling Rate 111 KHz, Data Rate 1.33 MHz 
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ORDERING INFORMATION 



PART NUMBER 



ALTERNATE 
PART NUMBER 



TOTAL 
UNADJUSTED ERROR 



TEMPERATURE 
RANGE 



PACKAGE 



SINGLE ANALOG INPUT, 8-PIN PACKAGE 



ML2280BMJ 

ML2280BIJ 

ML2280BCP 




±V2LSB 


-55°Cto+125°C 
-40°Cto+85°C 

0° to +70°C 
-40°Cto+85°C 

0°Cto+70°C 


HERMETIC DIP 
HERMETIC DIP 
MOLDED DIP 


ML228(X:iJ 
ML2280CCP 


±1LSB 


HERMETIC DIP 
MOLDED DIP 



FOUR ANALOG INPUTS, 14-PIN PACKAGE 








ML2283BMJ 

ML2283BIJ 

ML2283BCP 


ADC0833BJ 

ADC0833BCJ 

ADC0833BCN 

ADC0833CCJ 

ADC0833CCN 


±V2LSB 


-55°Cto+125°C 
-40°Cto+85°C 

0° to +70°C 

-40°Cto+85°C 

0°Cto+70°C 


HERMETIC DIP 
HERMETIC DIP 
MOLDED DIP 


ML2283CIJ 
ML2283CCP 


±1LSB 


HERMETIC DIP 
MOLDED DIP 
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Serial \/0 8-Bit A/ D Converters with 

Multiplexer Options 



GENERAL DESCRIPTION 

The ML2281 family are 8-bit successive approximation A/ D 
converters with serial I/O and configurable input multiplex- 
ers with up to 8 input channels. 

All errors of the sample-and-hold, incorporated on the 
ML2281 family are accounted for in the analog-to-digital 
converters accuracy specification. 

The voltage reference can be externally set to any value be- 
tween GND and Wqc, thus allowing a full conversion over a 
relatively small voltage span if desired. 

The ML2281 family is an enhanced double polysilicon CMOS 
pin compatible second source for the ADC0831, ADC0832, 
ADC0834, and ADC0838 A/ D converters. The ML2281 series 
enhancements are faster conversion time, true sample-and- 
hold function, superior power supply rejection, improved AC 
common mode rejection, faster digital timing, and lower 
power dissipation. All parameters are guaranteed over 
temperature with a power supply voltage of 5 V ± 10%. 



FEATURES 

■ Conversion time 6/l(S 

■ Total unadjusted error ± V2 LSB or ± 1 LSB 

■ Sample-and-hold 375 ns acquisition 

■ 2, 4, or 8-input multiplexer options 

■ to 5 V analog input range with single 5 V power 
supply 

■ Operates ratiometrically or with up to 5 V voltage 
reference 

■ No zero or full-scale adjust required 

■ ML2281 capable of digitizing a 5 V, 40 kHz sine wave 

■ Low power 12.5 m W MAX 

■ 0.3" width 8-, 14-, or 20-pin DIP 

■ 20-pin surface mount PCC ML2288 

■ Superior pin compatible replacement for ADC0831, 
ADC0832, ADC0834, and ADC0838 

■ Analog input protection 25 mA (min) per input 



BLOCK DIAGRAMS 

ML2281 



ML2288 



CONTROL 

AND 

TIMING 



OUTPUT 
SHIFT-REGISTER 



^ 



CS 
CLK 




-OVref 



i i 
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CHK 

CH2 0— 

CH3( 

CH4( 

CH5( 

CH6< 

CH7( 



8-CHANNEL 

S.E. 

OR 
4-CHANNEL 

DIFF. 
MULTIPLEXER 



INPIJT 

SHIFT-REGISTER 



CONTROL 

AND 

TIMING 



tt 



OUTPUT 
SHIFT-REGISTER 



A/D 

CONVERTER 

WITH 

SAMPLE & HOLD 

FUNCTION 



TT 

AGND Vref 



-►O SARS 
— O CLK 



SHUNT 
REGULATOR 



Vcc 
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PIN CONNECTIONS 



ML2281 Single Differential input ML2282 2-Channel MUX 



V|N(+)[ 2 7pCLK 

V|N(-)[ 3 6 ]D0 

CND [4 5 ] Vref 





TOP VIEW 




ML2284 4-ChannelMUX 




14-PIN DIP 




v^[ 




14 


]Vcc 


rs[ 




13 


]DI 


CHO[ 




12 


]CLK 


CHl[ 




11 


]SARS 


CH2[ 




10 


]DO 


CH3[ 




9 


]Vref 


dgnd[ 




8 


]agnd 




TOP VIEW 





8-PIN DIP 



CS[ 1 8 ]Vcc(Vref) 

CHO[ 2 7 ]CLK 

CHI [ 3 6 ] DO 

GND[ 4 5 ]]dI 



ML2288 8-ChannelMUX 

20-PIN PCC 
CH2 CHICHOVcc V + 



n 1-1 nnn 



CH3C 4 
CH4C 5 
CH5C 6 
CH6C 7 
CH7 C 8 ^ 



18 
17 

let] 



]CS 
]DI 

CLK 
ISARS 

DO 



COMDGND I Vref sE 



ML2288 8-Channel MUX 

20-PIN DIP 




PIN DESCRIPTION 



NAME 



FUNCTION 



Vcc 
DGND 



AGND 



CH0-7,V|N+,V|^ 



COM 



Vref 



SE 



V+ 



Positive supply. 5 volts ± 10% 
Digital ground. Ovolts. All digital 
inputs and outputs are referenced 
to this point. 

Analog ground. The negative refer- 
ence voltage for A/ D converter. 

Analog inputs. Digitally selected to 
be single ended {V|n) or; V|n + or 
V|N- of a differential input. Analog 
range = GND<V||si<Vcc 
Common reference point for ana- 
log inputs. A/ D conversion is 
performed on voltage difference 
between analog input and this 
common reference point if single- 
end conversion is specified. 

Reference. The positive reference 
voltage for A/ D converter. 

Shift enable. Input controls 
whether LSB first bit stream is 
shifted out on serial output DO. If 
SE = 1, MSB first is shifted out only. 
If SE=0, an MSB first bit stream is 
shifted out, then a second bit 
stream with LSB first is shifted out 
after end of conversion. 

Input to the Shunt Regulator. 



NAME 



DO 



SARS 



CLK 



Dl 



CS 



FUNCTION 



Data out. Digital output which 
contains result of A/ D conversion. 
The serial data is clocked out on 
falling edges of CLK. 
Successive approximation register 
status. Digital output which indi- 
cates th^t a conversion is in pro- 
gress. When SARS goes to 1, the 
sampling window is closed and 
conversion begins. When SARS 
goes to 0, conversion is com- 
pleted. When CS = 1, SARS is in 
high impedance state. 
Clock. Digital input which clocks 
data in on Dl on rising edges and 
out on DO on falling edges. Also 
used to generate clocks for AID 
conversion. 

Data input. Digital input which 
contains serial data to program the 
MUX and channel assignments. 

Chip select. Selects the chip for 
multiplexer and channel assign- 
ment and A/D converison. When 
CS = 1, all digital outputs are in high 
impedance state. When CS = 0, 
normal A/D conversion takes 
place. 
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ABSOLUTE MAXIMUM RATINGS 

(Note!) 

Current into V+ 15mA 

Supply Voltage, Vcc 6.5 V 

Voltage 

Logic Inputs - 7 V to Vcc +7 V 

Analog Inputs -0.3Vto Vcc +0.3V 

Input Current per Pin (Note 2) ±25 mA 

Storage Temperature -65°Cto +150°C 

Package Dissipation 
atTA = 25°C (Board Mount) 800mW 

Lead Temperature (Soldering 10 sec.) 

Dual-ln-Line Package (Molded) 260° C 

Dual-ln-Line Package (Ceramic) 300° C 

Molded Chip Carrier Package 

Vapor Phase (60 sec.) 215°C 

Infrared (15 sec.) 220°C 



OPERATING CONDITIONS 



Supply Voltage, Vcc ^.SV^cto 6.3 Vpc 

Temperature Range (Note 3) Tmin^X\^Tmax 

ML2281/2/4/8BMJ -55°Cto +125°C 

ML2281/2/4/8CMJ 

ML2281/2/4/8BIJ -40°Cto +85°C 

ML2281/2/4/8CIJ 

ML2281/2/4/8BCP 0°Cto +70°C 

ML2281/2/4/8CCP 



ELECTRICAL CHARACTERISTICS 

Unless otherwise specified Ta=Tmin toT^AX^ Vcc = Vref = 5V±10%, and fcLK =1-333 MHz 





NOTES 


CONDITIONS 


ML2281B, ML2282B 
ML2284B, ML2288B 


ML2281C, ML2282C 
ML2284C, ML2288C 




PARAMETER 


MIN 


TYP 
NOTE 4 


MAX 


MIN 


TYP 
NOTE 4 


MAX 


UNITS 


CONVERTER AND MULTIPLEXER CHARACTERISTICS 


Total Unadjusted Error 


5,7 


Vref=Vcc 






±1/2 






±1 


LSB 


Reference Input 
Resistance 


5,8 




6 


10 


15 


6 


10 


15 


kQ 


Common-Mode Input 
Range 


5,9 




GND 
-0.05 




Vcc 
+0.05 


GND 
-0.05 




Vcc 
+0.05 


V 


DC Common-Mode 
Error 


6 


Common Mode 
Voltage GND to Vcc/2 




±Vl6 


±1/4 




±1/l6 


±1/4 


LSB 


AC Common-Mode 
Error 


6 


Comon Mode Voltage 

GND to Vcc/2 
to 50 kHz 






±1/4 






±1/4 


LSB 


DC Power Supply 
Sensitivity 


6 


Vcc = 5V±10% 
Vref<Vcc+0.1V 




±1/32 


±1/4 




±1/32 


±1/4 


LSB 


AC Power Supply 
Sensitivity 


6 


lOOmVp.p, 25 kHz sine 
on Vcc 






±1/4 






±1/4 


LSB 


Change in Zero Error 
from Vcc = 5V to Inter- 
nal Zener Operation 


6 


15 mA into V-i- 

Vcc = N.C.Vref = 5V 




±1/2 






±1/2 




LSB 


Vz, Internal Diode 
Regulated Breakdown 

(atV-h) 




15mAintoV + 




6.9 






6.9 




V 


V+ Input Resistance 


5 




20 


35 




20 


35 




kQ 


loff, Off Channel 
Leakage Current 


5,10 


On Channel = Vcc 
Off Channel =0V 


-1 






-1 






mA 




On Channel =0V 
Off Channel Vcc 






+1 






+1 


mA 


lon/ On Channel 
Leakage Current 


5,10 


On Channel = 0V 
Off Channel == Vcc 


-1 






-1 






IxA 




On Channel = Vcc 
Off Channel = 0V 






+1 






+1 


mA 
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ELECTRICAL CHARACTERISTICS (Continued) 

Unless otherwise specified Ta = Tmin toTMAX/ Vcc = Vref = 5V±107o, and fcLK = 1-333MHz 



PARAMETER 



NOTES 



CONDITIONS 



ML2281B, ML2282B 
ML2284B, ML2288B 



MIN 



TYP 
NOTE 4 



MAX 



ML2281C, ML2282C 
ML2284C, ML2288C 



MIN 



TYP 
NOTE 4 



MAX 



DIGITAL AND DC CHARACTERISTICS 



UNITS 



V|N(i), Logical "1" 
Input Voltage 


5 




20 






20 






V 


V|N(0). Logical "0" 
Input Voltage 


5 








0.8 






0.8 


V 


liN(i), Logical "1" Input 
Current 


5 


V|N=VCC 






1 






1 


/.A 


liN(0). Logical "0" Input 
Current 


5 


V,N = OV 


-1 






-1 






^A 


VouT(i)' Logical "1" 
Output Voltage 


5 


louT=-2mA 


4.0 






40 






V 


VouT(O)' Logical "0" 
Output Voltage 


5 


Iqut = 2mA 






0.4 






0.4 


V 


Iqut/ Hi-Z Output 
Current 


5 


VouT = OV 
VouT=Vcc 


-1 




1 


-1 




1 


mA 


'SOURCE' Output 
Source Current 


5 


VouT = OV 


-6.5 






-6.5 






mA 


IsiNK, Output Sink 
Current 


5 


VouT = Vcc 






8.0 






8.0 


mA 


Ice, Supply Current 
ML2281, ML2284, 
ML2288 


5 






1.3 


2.5 




13 , 


2.5 


mA 


ML2282 


5 


Includes Ladder 
Current 




1.8 


3.5 




1.8 


3.5 


mA 



PARAMETER 



NOTES 



CONDITIONS 



MIN 



TYP 
NOTE 4 



MAX 



LIMIT 
UNITS 



AC ELECTRICAL CHARACTERISTICS 



fcLK/ Clock Frequency 


5 




10 




1333 


kHz 


UcQ' Sample-and-Hold 
Acquistion 








1/2 




1/fcLK 


tc, Conversion Time 




Not including MUX 
Addressing Time 




8 




1/^CLK 


SNR, Signal to Noise Ratio 
ML2281 


12 


V|N = 40kHz,5VSine. 
fcLK = 1-333MHz 

(fsAMPLING=120kHz). 

Noise is Sum of All 
Nonfundamental 
Components up to V2 of 

^SAMPLING 




47 




dB 


THD, Total Harmonic 
Distortion ML2281 


12 


V,N = 40kHz,5VSine. 
fcLK = l-333MHz 

(fsAMPLING=120kHz). 

THD IS Sum of2, 3, 4, 5 
Harmonics Relative to 
Fundamental 




-60 




dB 
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ELECTRICAL CHARACTERrSTICS 

Unless Otherwise specified Ta=Tmin toTMAX/ Vcc=Vref = 5V±107o, and fcLK= 1-333 MHz 



PARAMETER 



NOTES CONDITIONS 



MIN 



TYP 
NOTE 4 



MAX 



LIMIT 
UNITS 



AC ELECTRICAL CHARACTERISTICS (Continued) 



IMD, Intermodulation 
Distortion ML2281 


12 


V|N=fA+fB.fA = 40kHz, 

2.5 V Sine. 

fB = 39.8kHz, 2.5 V Sine, 

fcLK = 1-333MHz 

(fsAMPLING=120kHz). 

IMDis(fA+fB), (fA-ffi)/ 

(2fA+fB),(2fA-fB). 

(fA +2 fB),(fA- 2 fg) Rela- 
tive to Fundamental 




-60 




dB 


Clock Duty Cycle 


5,11 




40 




60 


% 


tsET-up' CS Failing Edge or Data 
Input Valid to CLK Rising Edge 


5 




130 






ns 


tnoLD' Data Input Valid after 
CLK Rising Edge 


5 




80 






ns 


tpdi/ tpdo-CLK Falling Edge to 
Output Data Valid 


5,13 


Cl==100pF 
Data MSB First 
Data LSB First 




90 
50 


200 
110 


ns 
ns 


tiH/ toH,- Rising Edge of CS to 
Data Output and SARS Hi-Z 


6 


Cl = 10pF, R|_ = 10k(see 
High Impedance Test 
Circuits) 




40 


90 


ns 




5 


Cl = 100pF, RL = 2k 




80 


160 


ns 


CjN, Capacitance of Logic 
Input 








5 




pF 


Cqut/ Capacitance of Logic 
Outputs 








5 





pF 



Note 1: Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 

specified are measured with respect to ground. 

Note 2: When the input voltage (Vin) at any pin exceeds the power supply rails (Vi|si<GND or Vin >\/qq) the absolute value of current at that 

pin should be limited to 25 mA or less. 

Note 3: - 55°C to +125°C operating temperature range devices are 100% tested at temperature extremes with worst-case test conditions. 0°C 

to 70°C and - 40°C to -i-85°C operating temperature range devices are 100% tested with temperature limits guaranteed by 100% testing, 

sampling, or by correlation with worst-case test conditions. 

Note 4: Typicals are parametric norm at 25°C. 

Note 5: Parameter guaranteed and 100% production tested. 

Note 6: Parameter guaranteed. Parameters not 100% tested are not in outgoing quality level calculation. 

Note 7: Total unadjusted error includes offset, full-scale, linearity, multiplexer and sample-and-hold errors. 

Note 8: Cannot be tested for ML2282. 

Note 9: For V|n(-) > V|n(+) the digital output code will be 0000 0000. Two on-chip diodes are tied to each analog input (see Block Diagram) 

which will forward conduct for analog input voltages one diode drop below ground or one diode drop greater then the Wqq supply. Be careful, 

during testing at low Wqc levels (4.5 V), as high level analog inputs (5 V) can cause this input diode to conduct-especially at elevated 

temperatures, and cause errors for analog inputs near full-scale. The spec allows 50 mV forward bias of either diode. This means that as long as 

the analog Vjn or Vref does not exceed the supply voltage by more than 50 mV, the output code will be correct. To achieve an absolute OV to 

5 V input voltage range will therefore require a minimum supply voltage of 4.950 Vqq over temperature variations, initial tolerance and loading. 

Note 10: Leakage current is measured with the clock not switching. 

Note 11: A 40% to 60% clock duty cycle range insures proper operation at all clock frequencies. In the case that an available clock has a duty 

cycle outside of these liniits, the minimum, time the clock is high or the minimum time the clock is low must be at least 300 ns. The maximum 

time the clock can be high or low is 60 ^s. 

Note 12: Because of multiplexer addressing, test conditions for the ML2282 would be V|n = 34 kHz, 5 V sine (fsAMPLiNG~102kHz); ML2284 



V,K 



= 32kHz, 5V sine (fsAMPLiNG~95kHz); ML2288 V|N = 30kHz, 5V sine (fsAMPLlNG~89kHz). 



Note 13: Since data, MSB first, is the output of the comparator used in the successive approximation loop, an additional delay is built in (see 
Block Diagram) to allow for comparator response time. 
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tlH 



tlH 






Vcc 



90% 
50% 
10% 



DO AND 
SARS OUTPUTS 



VOH- 



tOH 



Vcc 
Rl5 



DATA . 
OUTPUT 



toH 



/-90% 



50% 
10% 



DO AND ^CC - 
SARS OUTPUTS 

VOL- 



Figure 1. High Impedance Test Circuits and Waveforms 



Data Input Timing 



Data Output Timing 



^^^ 



DATA 

IN (Dl) 






-tSET-UP 

-tHOLD 




ML2281 Start G)nversion Timing 




START 
CONVERSION 



y — V. 



BIT 7 BIT 6 

(MSB) 



Figure 2. Timing Diagrams 



JS^U Micro Linear 



2-171 



ML2281, ML2282, ML2284, ML2288 



ML2281 Timing 


CLCKK (CLK) 

— *► 


23456789 
(-♦-tSET-UP 


10 11 


CHIP SELECT (CS) 






1 


^ tc »► 




DATA OUT (DO) — 7— 
nl-Z 




1 Hl-Z 


SAMPLE & HOLD -*► 
ACQUISITION (tACQ) 


7 6 5 4 3 2 10 

"•" (MSB) (LSB) 

*LSB FIRST OUTPUT NOT AVAILABLE ON ML2281 






ML2282 Timing 





1 2 3 4 5 6 7 



9 10 11 12 13 14 15 16 17 



1 



tSET-UP 



CHIP SELECT (CS) ADDRESS MUX 



START ODD/ 
BIT SIGN 



DATA OUT (DO) 



Hl-Z I 

SAMPLE & HOLD I 
ACQUISITION (tACQ)""^ 



-OUTPUT DATA- 



i 



\\V DON'T CARE (Dl DISABLED UNTIL NEXT CONVERSION CYCLE) V 
VV\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\V 



-MSB FIRST DATA- 



-LSB FIRST DATA- 



■»■» 



J Hl-Z 



7654 32 1012 34 5 67 

(MSB) (LSB) (MSB) 



12 3 4 5 6 7 



ML2284 Timing 

9 10 11 12 13 14 15 16 17 18 19 20 



CLOCK (CLK) 



CHIP SELECT (CS) | 



mwimi^mm^m^^mui^m^R^^ 



« — tsET-UP I 

I 

ADDRESS MUX I 

START I 

BIT ODD/SIGN 



DATA IN (Dl) 



SAR STATUS (SARS)- 



SGL/DIF SELECT 
BIT1 



DATA OUT (DO) 



Hl-Z 
SAMPLE & HOLD 
ACQUISITION (tACQ) 



J 



-OUTPUT DATA- 



Wi/i/Mi/t/it 



' nOOH'l CARE (Dl DISABLED UNTIL NEXT CONVERSION CYCLE)/ 

llllUlll(ll(ll(llll(lllllU(llllllll(lfl(l(l/l((lllll(llllllllll((l(lllllllll(ll 



< A/D CONVERSION IN PROCESS- 



-MSB HRST DATA- 



-LSB FIRST DATA- 



^ 



J Hl-Z 



J Hl-Z 



76 5432101234567 
(MSB) (LSB) (MSB) 



Figure 2. Tin|ing Diagrams (G)ntinued) 
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ML2288 Timing 



1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 



19 20 21 22 23 24 25 26 



— *H |-*-tsET-UP I H 1- OUTPUT DATA- 



CHIP SELECT (CS) 



I 

I 

ADDRESS MUX j 



START ODD/ SELECT 

BIT SIGN BITO 



SGL/DIF SELECT | 
BIT1 I 



iiiiiiii^^ 



SAR STATUS (SARS) ■ 



SE = "0" 
DATA OUT (DO) 



USING SE 

TO CONTROL 

LSB FIRST 

OUTPUT 



Hl-Z 
SAMPLE & HOLD 
ACQUISITION (tACQ)~ 



J~ 



-A/ D CONVERSION IN PROCESS- 



7 6 5 4 3 2 

(MSB) 



-MSB FIRST DATA - 



1 2 3 Ji 

(LSB) 



-MSB FIRST DATA - 



7 6 5 

(MSB) 



■* DATA HELD »► 



3 2 1 



(LSB) 
CLOCK EDGE #18 CLOCKS IN THE LSB BEFORE SE IS TAKEN LOW 



- LSB FIRST DATA - 



2 3 4 5 6 7 

(MSB) 



Figure 2. Timing Diagrams (Continued) 
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Figure 3. Linearity Error vs fciK 
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vcc 

fCLK 


= 5V 

= 1.333MHz 












-J 






^25°C 










=~^Ss?— ~^ 















Vcc = 5V 
V|N = OV 
fCLK = 1-333 MHz 
Ta = 25°C 












\ 












^ 


^ 







Figure 4. Linearity Error vs Vref Voltage 



Figure 5. Unadjusted Offset Error vs Vref Voltage 



i ! I 



5-BIT SHIFT-REGISTER 

I ODD/ 

SGL/DIF SIGN I SELECT 1 



H>- 




*SOME OF THESE FUNCTIONS/ PINS ARE NOT AVAIIABLE WITH OTHER OPTIONS. 

NOTE 1: FOR THE ML2284 Dl IS INPUT DIRECTLY TO THE D INPUT OF SELECT 1. SELECT IS FORCED TO A "1". FOR THE ML2282, Dl IS INPUT DIRECTLY TO THE D 

INPUT OF ODD/SIGN. SELECT IS FORCED TO A "1" AND SELECT 1 IS FORCED TO A"0". 



Figure 6. ML2288 Functional Block Diagram 
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1.0 FUNCTIONAL DESCRIPTION 

1.1 Multiplexer Addressing 

The design of these converters utilizes a sample data compar- 
ator structure which provides for a differential analog input to 
be converted by a successive approximation routine. 

The actual voltage converted is always the difference be- 
tween an assigned ''+" input terminal and a "-" input ter- 
minal. The polarity of each input terminal of the pair being 
converted indicates which line the converter expects to be 
the most positive. If the assigned "-h" input is less than the 
" - " input the converter responds with an all zeros output 
code. 

A unique input multiplexing scheme has been utilized to 
provide multiple analog channels with software configurable 
single ended, differential, or pseudo differential options. The 
pseudo differential option will convert the difference be- 
tween the voltage at any analog input and a common termi- 
nal. One converter package can now accomodate ground 
referenced inputs and true differential inputs as well as signals 
with some arbitrary reference voltage. 

A particular input configuration is assigned during the MUX 
addressing sequence, prior to the start of a conversion. The 
MUX address selects which of the analog inputs are to be 
enabled and whether this input is single ended or differential. 
In the differential case. It also assigns the polarity of the ana- 
log channels. Differential inputs are restricted to adjacent 
channel pairs. For example, channel and channel 1 may be 
selected as a different pair but channel or channel 1 cannot 
act differentially with any other channel. In addition to select- 
ing the differential mode, the sign may also be selected. 
Channel may be selected as the positive input and channel 
1 as the negative input or vice versa. This programmability is 
illustrated by the MUX addressing codes shown in Tables /, 2, 
and 3. 

The MUX address Is shifted into the converter via the Dl 
input. Since the ML2281 contains only one differential input 
channel with a fixed polarity assignment, it does not require 
addressing. 

The common input line on the ML2288 can be used as a 
pseudo differential input. In this mode, the voltage on the 
COM pin is treated as the " - " input for any of the other 
input channels. This voltage does not have to be analog 
ground; it can be any reference potential which is common 
to all of the inputs. This feature is most useful in single supply 
applications where the analog circuitry may be biased at a 
potential other than ground and the output signals are all 
referred to this potential. 

Since the input configuration is under software control, it can 
be modified, as required, at each conversion. A channel can 
be treated as a single-ended, ground referenced input for one 
conversion; then it can be reconfigured as part of a differen- 
tial channel for another conversion. Figure 7 illustrates these 
different input modes. 



Table 1. ML2288 MUX Addressing 8 Single-Ended or 4 
Differential Channels 

Single-Ended MUX Mode 



MUX Address 


Analog Single-Ended Channel # 


SGL/ 
DIF 


ODD/ 
SIGN 


SELECT 





1 


2 


3 


4 


5 


6 


7 


COM 


1 
















+ 
















- 










1 






+ 












- 







1 













+ 








- 







1 


1 














+ 




- 




1 










+ 














- 




1 





1 








+ 










- 




1 


1 















+ 






- 




1 


1 


1 
















+ 


- 


Differential MUX Mode 


MUX Address 


Analog Differential Channel-Pair # 


SGL/ 
DIF 


ODD/ 
SIGN 


SELECT 





1 


2 


3 


1 








1 


2 


3 


4 


5 


6 


7 














+ 


- 























1 






-h 


- 
















1 













+ 


- 












1 


1 














4- 


- 





1 








- 


-1- 

















1 





1 






- 


+ 













1 


1 













- 


-1- 









1 


1 


1 














- 


+ 



Table 2. ML2284 MUX Addressing 4 Single-Ended or 2 
Differential Channel 

Single-Ended MUX Mode 



MUX Address 


Channel # 


SGL/ 
DIF 


ODD/ 
SIGN 


SELECT 





1 


2 


3 


1 


1 








+ 








1 





1 






+ 




1 


1 







+ 






1 


1 


1 








-1- 




Differential M 


COM is internally tied to A GND 
UXMode 


MUX Address 


Channel* 


SGL/ 
DiF 


ODD/ 
SIGN 


SELECT 





1 


2 


3 


1 











+ 


- 












1 






+ 


- 





1 





- 


-1- 









1 


1 






- 


+ 
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Table 3. ML2282 MUX Addressing 2 Single-Ended or 1 
Differential Channel 

Single-Ended MUX Mode 



MUX Address 


Channel # | 


SGL/DIF 


ODD/SIGN 





1 


1 





+ 




1 


1 




+ 


COM is internally tied to GND 
Differential MUX Mode 


MUX Address 


Channel # | 


SGL/DIF 


ODD/SIGN 





1 








+ 


- 





1 


- 


+ 



8 Single-Ended 



8 Pseudo-Differential 



— - 


+ 


2 


+ 


3 


+ 


4 


+ 


5 


+ 


6 


+ 


7 


+ 


± 


COM(-) 



Vbias 






+ 
+ 

+ 




3 


+ 


4 


+ 


5 


+ 


6 


+ 


7 


+ 


J± 


COM(-) 



4 Differential 



Mixed Mode 







+ (-) 


0,1 





- (+) 


2,3 




- (+) 


4,5 




- (+) 
+ (-) 


6,7 




-(+) 



{ 


+ 


o,i{ 


- 


2,3 


+ 


4 


+ 


5 


+ 


6 


+ 


7 


+ 


k 


COM(-) 



Vbias - 



1.2 Digitalinterface 

The block diagram and timing diagrams in Figures 2-5 illus- 
trate how a conversion sequence is performed. 

A conversion is initiated when CS is pulsed low. This line 
must be held low for the entire conversion. The converter is 
now waiting for a start bit and its MUX assignment word. 

A clock is applied to the CLK input. On each rising edge of 
the clock, the data on Dl is clocked into the MUX address 
shift register. The start bit is the first logic "1" that appears on 
the Dl input (all leading edge zeros are ignored). After the 
start bit, the device clocks in the next 2 to 4 bits for the MUX 
assignment word. 

When the start bit has been shifted into the start location of 
the MUX register, the input channel has been assigned and a 
conversion is about to begin. An interval of V2 clock period is 
used for sample & hold settling through the selected MUX 
channels.The SAR status output goes high at this time to 
signal that a conversion is now in progress and the Dl input is 
ignored. 

The DO output comes out of High impedance and provides 
a leading zero for this one clock period. 

When the conversion begins, the output of the comparator, 
which indicates whether the analog input is greater than or 
less than each successive voltage from the internal DAC, 
appears at the DO output on each falling edge of the clock. 
This data is the result of the conversion being shifted out 
(with MSB coming first) and can be read by external logic or 
/iP immediately. 

After 8 clock periods, the conversion is completed. The SAR 
status line returns low to indicate this V2 clock cycle later. 

The serial data is always shifted out MSB first during the con- 
version. After the conversion has been completed, the data 
can be s_hifted out a second time with LSB first, depending on 
level of SE input. For the case of ML2288, if SE = 1, the data is 
shifted out MSB first during the conversion only. If SE is 
brought low before the end of conversion (which is signalled 
by the high to low transition of SAKS), the data is shifted out 
again immediately after the end of conversion; this time LSB 
first. If SE is brought low after end of conversion,_the LSB first 
data is shifted out on falHng edges of clock after SE goes low. 
For ML2282 and 2284, SE is internally tied low, so data is 
shifted out MSB first, then shifted out a second time LSB first 
at end of conversion. For ML2281, SE is internally tied high, 
so data is shifted out only once MSB first. 

All internal registers are cleared_when the GS input is high. If 
another conversion is desired, CS must make a high to low 
transition followed by address information. 

The Dl input and DO output can be tied together and con- 
trolled through a bidirectional jjlP I/O bit with one connec- 
tion. This is possible because the Dl input is only latched in 
during the MUX addressing interval while the DO output is 
still in the high impedance state. 



Figure 7. Analog Input Multiplexer Functional 
Options for ML2288 
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1.3 Reference 

The voltage applied to the reference input to these converters 
defines the voltage span of the analog input (the difference 
between ViNmax and Vnsimin) over which the 256 possible 
output codes apply. The devices can be used in either ra- 
tiometrlc applications or in systems requiring absolute accu- 
racy. The reference pin must be connected to a voltage 
source capable of driving the reference input resistance, 
typically 10 k. This pin is the top of a resistor divider string 
used for the successive approximation conversion. 

In a radiometric system, the analog input voltage is propor- 
tional to the voltage used for the A/ D reference. This voltage 
is typically the system power supply, so the Vref P'f^ can be 
tied to Vcc- This technique relaxes the stability requirements 
of the system reference as the analog input and A/D refer- 
ence move together maintaining the same output code for a 
given input condition. 

For absolute accuracy, where the analog input varies be- 
tween specific voltage limits, the reference pin can be biased 
with a time and temperature stable voltage source. 

The maximum value of the reference is limited to the Vcc 
supply voltage. The minimum value, however, can be quite 
small to allow direct conversion of inputs with less than 5 
volts of voltage span. Particular care must be taken with re- 
gard to noise pickup, circuit layout and system error voltage 
sources when operating with a reduced span due to the 
increased sensitivity of the converter. 

1.4 Analog Inputs and Sample/ Hold 

An important feature of the ML2281 family of devices is that 
they can be located at the source of the analog signal and 
then communicate with a controlling /iP with just a few 
wires. This avoids bussing the analog inputs long distances 
and thus reduces noise pickup on these analog lines. How- 
ever, in some cases, the analog inputs have a large common 
mode voltage or even some noise present along with the 
valid analog signal. 

The differential input of these converters reduces the effects 
of common mode input noise. Thus, if a common mode 
voltage is present on both "+" and " -" inputs, such as 
60 Hz, the converter will reject this common mode voltage 
since it only converts the difference between " +" and " - " 
inputs. 

The ML2281 family have a true sample and hold circuit 
which samples both "+" and "-" inputs simultaneously. 
This simultaneous sampling with a true S/H will give com- 
mon mode rejection and AC linearity performance that is 
superior to devices where the two input terminals are not 
sampled at the same instant and where true sample and hold 
capability does not exist. Thus, the ML2281 family of devices 
can reject AC common mode signals from DC-50kHz as well 
as maintain linearity for signals from DC-50kHz. 

The signal at the analog input is sampled during the interval 
when the sampling switch is closed prior to conversion start. 
The sampling window (S/H acquisition time) is V2 CLK per- 
iod wide and occurs V2 CLK period before DO goes from 
high impedance to active low state. When the sampling 
switch closes at the start of the S/H acquisition time, 8pF of 



capacitance is thrown onto the analog input. V2 CLK period 
later, the sampling switch is opened and the signal present at 
the analog input is stored. Any error on the analog input at 
the end of the S/H acquisition time will cause additional 
conversion error. Care should be taken to allow adequate 
charging or settling time from the source. If more charging or 
settling time is needed to reduce these analog input errors, a 
longer CLK period can be used. 

The ML2281X family has improved latchup immunity. Each 
analog input has dual diodes to the supply rails, and a mini- 
mum of +/ - 25mA (-1-/ -100mA typically) can be injected 
into each analog input without causing latchup. 

1.5 Dynamic Performance 
Signal-to-Noise-Ratio 

Signal-to-noise ratio (SNR) is the measured signal-to-noise at 
the output of the converter. The signal is the RMS magnitude 
of the fundamental. Noise is the RMS sum of all the nonfun- 
damental signals up to half the sampling frequency. SNR is 
dependent on the number of quantization levels used in the 
digitization process; the more levels, the smaller the quanti- 
zation noise. The theoretical SNR for a sine wave is given by 

SNR = (6.02N+1.76)dB 

where N is the number of bits. Thus for ideal 8-bit converter, 
SNR = 49.92dB. 

Harmonic Distortion 

Harmonic distortion is the ratio of the RMS sum of harmonics 
to the fundamental. Total harmonic distortion (THD) of the 
ML2281 Series is defined as 



20 log 



(V22+V32+V42-hV52)V2 



where Vt is the RMS amplitude of the fundamental and V2, 
V3, V4, V5 are the RMS amplitudes of the individual 
harmonics. 

Intermodulation Distortion 

With inputs consisting of sine waves at two frequencies, fA 
and fs, any active device with nonlinearities will create distor- 
tion products, of order (m -i-n), at sum and difference frequen- 
cies of mfA-f-nfs, where m, n = 0, 1, 2, 3,... . Intermodulation 
terms are those for which m or n is not equal to zero. The 
(IMD) intermodulation distortion specification includes the 
second order terms (fA+fe) and (fA-fe) and the third order 
terms {2i^+i^), {2i^-i^), {i^^2i^) and (fA-2fB) only. 

1.6 Zero Error Adjustment 

The zero of the A/D does not require adjustment. If the mini- 
mum analog input voltage value, Vinmin is not ground, a 
zero offset can be done. The converter can be made to out- 
put 00000000 digital code for this minimum input voltage by 
biasing any Vin - input at this V|n min value. This utilizes the 
differential mode operation of the A/D. 
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The zero error of the A/ D converter relates to the location of 
the first riser of the transfer function and can be measured by 
grounding the Vin - input and applying a small magnitude 
positive voltage to the Vim + input. Zero error is the difference 
betv^een the actual DC input voltage which is necessary to 
just cause an output digital code transition from 00000000 to 
00000001 and the ideal V2 LSB value (V2 LSB = 9.8mVfor 
Vref = 5.000 Vdc)- 

1.7 Full-Scale Adjustment 

The full-scale adjustment can be made by applying a differen- 
tial input voltage which is 1 V2 LSB down from the desired 
analog full-scale voltage range and then adjusting the magni- 
tude of the Vref input or Vcc for a digital output code which 
is just changing from 11111110 to 11111111. 

1.8 Adjustment for an Arbitrary Analog Input Voltage 



If the analog zero voltage of the A/D is shifted away from 
ground (for example, to accommodate an analog input signal 
which does not go to ground), this new zero reference should 
be properly adjusted first. A Vim -i- voltage which equals this 
desired zero reference plus V2 LSB (where the LSB is calcu- 
lated for the desired analog span, 1 LSB = analog span /256) is 
applied to selected "-f-" input and the zero reference voltage 
at the corresponding"-" input should then be adjusted to 
just obtain the 00000000 to 00000001 code transition. 

The full-scale adjustment should be made by forcing a 
voltage to the Vim -i- input which is given by: 

V|N + fsadjust=Vmax-1.5*[(Vmax-Vmin)/256] 
where Vmax = high end of the analog input range 

Vmin = low end (offset zero) of the analog range 
The Vref or Vqc voltage is then adjusted to provide a code 
changefrom 11111110 to 11111111. 

1.9 Shunt Regulator 

A unique feature of ML2288 and ML2284 is the inclusion of a 
shunt regulator connected from V-i- terminal to ground 
which also connects to the Vcc terminal (which is the actual 
converter supply) through a silicon diode as shown in Figure 
8. When the regulator is turned on, the V+ voltage is 
clamped at 11 Vbe set by the internal resistor ratio. The typical 
l-V curve of the shunt regulator is shown in Figure 9. It should 
be noted that before V+ voltage is high enough to turn on 
the shunt regulator (which occurs at about 5.5 V), 35 kQ of 
resistance is observed between V+ and GND. When the 
shunt regulator is not used, \/+ pin should be either left float- 
ing or tied to G N D. The tem peratu re coefficient of the regu la- 
tor is -22mV/°C. 




Figure 8. Shunt Regulator 




Figure 9. l-V Characteristic of the 
Shunt Regulator 
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2.0 APPLICATIONS 



8051 Interface and G)ntrolling Software 



CHO CS 


^ 


PI3 


CLK 
ML2288 


^ 


PI2 

8051 


Dl 


^ 


PI1 


CH7 DO 


-^ 


PI0 



Mnemonic 


Instruction 


START 


ANL 


PI, #0F7H 


;SELECTA/D 
(CS =0) 




MOV 


B,#5 


;BITCOUNTER^5 




MOV 


A, #ADDR 


;A ^ MUX BIT 


LOOPl: 


RRC 


A 


;CY ^ ADDRESS BIT 




JC 


ONE 


;TEST BIT 
;BIT = 


ZERO: 


ANL 


PI, #OFEH 


;DI^O 




SJMP 


CONT 


;CONTINUE 
;BIT = 1 


ONE: 


ORL 


P1,#1 


;D1 ^ 1 


CONT: 


ACALL 


PULSE 


;PULSESK0^1^0 




DJNZ 


B, LOOPl 


;CONTINUE UNTIL 
DONE 




ACALL 


PULSE 


;EXTRA CLOCK FOR 
SYNC 




MOV 


B,#8 


;BITCOUNTER<-8 


LOOP 2: 


ACALL 


PULSE 


;PULSESK0^1^0 




MOV 


A, PI 


;CY *- DO 




RRC 


A 






RRC 


A 






MOV 


A,C 


;A *- RESULT 




RLC 


A 


;A(0) ^ BIT AND SHIFT 




MOV 


CA 


;C ^ RESULT 




DJNZ 


B, LOOP 2 


;CONTINUE UNTIL 
DONE 


RETI 






;PULSE SUBROUTINE 


PULSE: 


ORL 


PI, #04 


;SK^1 




NOP 




;DELAY 




ANL 


PI, #OFBH 


;SK*-0 




RET 
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APPLICATIONS (Continued) 



ML2288 "Stand-Alone" or Evaluation Circuit 

MUX ADDRESS 



K 

CLOSE TO 

START THE 

A/D CONVERSION 




t 05VDC 

-START BIT 



i 



i 



i 



SGL/DIF 



1 



PARALLEL INPUTS 



INPUT SHIFT REGISTER 
74HC165 



CND^ 
DO 



Vcc 



Vdc 

1/8 



5Vdc 

1/8 Vcc 



ANALOG INPUTS 
ML2288 



AGND DGND 



COM 
Dl 



Vcc 



N ) ( — 



5Vdc 



t51k 



Vcc 



OUTPUT SHIFT REGISTER 
74HC164 



Qa 



^13 [l2 [Ti flO [6 p n p 



_f~ ][/^ i/^ i[/^ i/^ ][/^ iL/^ A/^ i/^ 



y 



lOfiF 



DATA DISPLAY 



-0 5VDC 



LM335 J J 



LQw-<jost Remote Temperature Sensor „YF . 

(5Vdc) 
O 
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APPLICATIONS (Continued) 

Obtaining 9-Bit Resolution 



Protecting tlie Input 



Vcc-f 



^ ViN 

o— — 



X 



>2.5V <2.5V 



Vref 



^- 



4:10hF 




DIODE CLAMPING IS NOT NEEDED 
IF CURRENT IS LIMITED TO 25mA 



CONTROLLER PERFORMS A ROUTINE TO DETERMINE WHICH 

INPUT POLARITY PROVIDES A NON-ZERO OUTPUT CODE. 

THIS INFORMATION PROVIDES THE EXTRA BITS. 



Vcc 0.1 Q 

(SVdc)^ 



Digitizing a Current Flow 

► Iload (2 a FULL-SCALE) 



100 Q 

ZERO^^- 
ADj. 



ViN(-) Vcc 



Vin(+) Vref 



►120 k 



^Vcc 

9 (svdc) 



:i;lOMF 



n 



9.1k 



p^?><U 



>^FS 

JADJ. 



LOAD 

1" 



5 f LM336 



Operating with Ratiometric Transducers 




*V|N(-) =0.15 Vcc 

15% OF Vcc < VxDR < 85% OF Vcc 



Span Adjust: V < V|n < 3 V 



Vcc 

(5Vdc) 

o 




r 



Vin(+) Vcc 



Vin(-) Vref 



;iomF 

ADJ. ' 




I 
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APPLICATIONS (Continued) 

Zero-Shift and Span Adjust: 2V <V|n <5V 



Digital Load Cell 



ViN 



SETS ZERO 
CODE VOLTAGE 



Vcc 

(5Vdc) 
p 




V|N(+) Vcc 



V|N(-) Vref 



l Ik 

2.7k > 2Vdc 
< ZERO ADJ. 



4r FS^ 5l-2k 

ADJ.? 



3V 

+ 






SETS 
VOLTAGE SPAN 

m ( ( 



STRAIN GAUGE 

LOAD CELL 
300Q/30mV FS 




• USES ONE MORE WIRE THAN LOAD CELL ITSELF 

• TWO MINI-DIPs COULD BE MOUNTED INSIDE LOAD CELL 
FOR DIGITAL OUTPUT TRANSDUCER 

• ELECTRONIC OFFSET AND GAIN TRIMS REIAX MECHANICAL 
SPECS FOR GAUGE FACTOR AND OFFSET 

• LOW LEVEL CELL OUTPUT IS CONVERTED IMMEDIATELY FOR 
HIGH NOISE IMMUNITY 



Convert 8 Thermocouples with only One Cold-junction Compensator 



TYPE J p?^ 



TYPE J r 



'^ b<>zH--WMH> 



r^>— I I K 

Ti < Ik H+ 




88.2 k 



Vcc 



-LtREF 




i^lM385 



USES THE PSEUDO-DIFFERENTIAL MODE TO KEEP THE DIFFER- 
ENTIAL INPUTS CONSTANT 
WITH CHANGES IN REFERENCE TEMPERATURE (Tref). 
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APPLICATIONS (Continued) 



4mA-20mA Current Loop G)nverter 



4mA-20mA V 1N4148 



lOMFy ^ 



LM385-2.5Vi^ 



24 S6.2<200 
k ?k >k 



10k| 



5k^<^ 



iqOk =50 kHz 
I — Wv— 



l^lOOOpF 



Vcc 
IN CLK 



ML2281 _ 

-IN CS 



Vref do 

GND 



^47 S3.9S300 
>k >k >k 



INP Vcc 

CD4024 
Vo5 

1-^50 pF 
100 k 
-— WV 1 



6N139 
OPTO COUPLER 



6L8 



-^W\ — Vcc 



-Vo 
-GND 



• ALLPOWERSUPPLIEDBYLOOP 

• 1500V ISOLATION AT OUTPUT 



Isolated Data Converter 



TRANSFORMER iN4i4ft 
TRW-TC-SSD-32 JTT 



♦-Vcc OUT 




10 k 
CLK-VvV-ir 2N2222 



I 470 
I — VA — I 




'"" '^'lUnSU 




10 k 
Dl — WV-|:;^2N2222 g 

5 




• NO POWER REQUIRED REMOTELY 
■ 6N139 HIGH GAIN • 1500V ISOLATION 

OPTOCOUPLER 
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x> 



V|N + 
V|N- 






LOAD BO 

COUNT 
A B C D DOWN 



■H>- 



S Q 

R 



~ •- D Q 



.A- 



D Q 



TMS320 
SERIES 



D Q 



^ 



^X> 



FSR 
CLK 



SAMPLING RATE 111kHz, DATA RATE 1.33MHz 



'_J^U^U'U^U'U''U'U''U'U"U"U"U"U"I_ 

' / \ 



y 



\ 



7 ^ 



\ 



y 



T_^I^XZX!iIXIZX°DCEXZ]XI^Z>- 



Interfacing ML2281 to TMS320 Series 
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ORDERING INFORMATION 



PART NUMBER 



ALTERNATE 
PART NUMBER 



TOTAL 
UNADJUSTED ERROR 



TEMPERATURE 
RANGE 



PACKAGE 



SINGLE ANALOG INPUT, 8-PIN PACKAGE 



ML2281BMJ 

ML2281BIJ 

ML2281BCP 

ML2281CIJ 

ML2281CCP 



ADC0831BJ 

ADC0831BCJ 

ADC0831BCN 

ADC0831CCJ 

ADC0831CCN 



tV2LSB 



±1LSB 



TWO ANALOG INPUTS, 8-PIN PACKAGE 



ML2282BMJ 

ML2282BIJ 

ML2282BCP 

ML2282C1J 

ML2282CCP 



ADC0832BJ 

ADC0832BCJ 

ADC0832BCN 

ADC0832CCJ 

ADC0832CCN 



±V2LSB 



tILSB 



FOUR ANALOG INPUTS, 14-PIN PACKAGE 



EIGHT ANALOG INPUTS, 20-PIN PACKAGE 



-55°Cto+125°C 
-40°Cto+85°C 

0° to +70°C 
-40°Cto+85°C 

0°C to +70°C 



HERMETIC DIP 
HERMETIC DIP 
MOLDED DIP 
HERMETIC DIP 
MOLDED DIP 



-55°Cto+125°C 
-40°Cto+85°C 

0°Cto+70°C 
-40°Cto+85°C 

0°Cto+70°C 



HERMETIC DIP 
HERMETIC DIP 
MOLDED DIP 
HERMETIC DIP 
MOLDED DIP 



ML2284BMJ 

ML2284BIJ 

ML2284BCP 


ADC0834BJ 

ADC0834BCJ 

ADC0834BCN 

ADC0834CCJ 

ADC0834CCN 


±V2LSB 


-55°Cto+125°C 
-40°Cto+85°C 

0°to+70°C 
-40°Cto+85°C 

0°Cto+70°C 


HERMETIC DIP 
HERMETIC DIP 
MOLDED DIP 


ML2284CIJ 
ML2284CCP 


±1LSB 


HERMETIC DIP 
MOLDED DIP 



ML2288BMJ 


ADC0838BJ 


±1/2 LSB 


-55°Cto+85°C 


HERMETIC DIP 


ML2288BIJ 


ADC0838BCJ 




-40°Cto+85°C 


HERMETIC DIP 


ML2288BCP 


ADC0838BCN 




0°Cto+70°C 


MOLDED DIP 


ML2288BCQ 


ADC0838BCV 
ADC0838CCJ 




0°Cto+70°C 
-40°Cto+85°C 


MOLDED DIP (PCC) 


ML2288CIJ 


±1LSB 


HERMETIC DIP 


ML2288CCP 


ADC0838CCN 




0°Cto+70°C 


MOLDED DIP 


ML2288CCQ 


ADC0838CCV 




0°Cto+70°C 


MOLDED DIP (PCC) 
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ML2340, ML2350 



Single Supply Programmable 
8-Bit D/A Converters 



GENERAL DESCRIPTION 

The ML2340 and ML2350 are CMOS voltage output, 8- 
bit D/A converters with an internal voltage reference 
and a ^? interface. These devices are designed to be 
powered by a single supply, although they can be 
powered from dual power supplies. The output voltage 
swings above zero scale (V^s) in the unipolar mode or 
around zero scale (V^s) in the bipolar mode, both with 
programmable gain. V^s can be set to any voltage 
from AGND to 2.25V below Vcc- The digital and 
analog grounds, DGND and AGND, are totally 
independent of each other. DGND can be set to any 
voltage from AGND to 4.5V below Vcc ^of easy 
interfacing to standard TTL and CMOS logic families. 

The high level of integration and versatility of the 
ML2340 and ML2350 makes them ideal for a wide 
range of applications in hard disk drives, automotive, 
telecom, and a variety of general purpose industrial. 
One specific intended application is controlling a hard 
disk voice coil. 

The internal reference of the ML2340 provides a 2.25V 
or 4.50V output for use with A/D converters that use a 
single 5V ± 10% power supply, while the ML2350 
provide a 2.50V or 5.00V reference output. 



FEATURES 

■ Programmable output voltage gain settings of 2, 1, 
1/2, V4 provide 8-, 9-, 10-, or 11-bit effective 
resolution around zero 

■ AGND to Vcc output voltage swing 

■ Bipolar or unipolar output voltage 

■ 4.5V to 13.2V single supply or +2.25V to +6.5V 
dual-supply operation 

■ Transparent latch allows microprocessor interface 
with 30ns setup time 

■ Data flow through mode 

■ Voltage reference output 

ML2340 2.25V or 4.50V 

ML2350 2.50V or 5.00V 

■ Nonlinearity ±V4 LSB or ±1/2 LSB 

■ Output voltage settling time over temperature and 
supply voltage tolerance 

Within IV of Vcc and AGND 25^s max 

Within lOOmV of Vcc and AGND 5//s max 

■ TTL and CMOS compatible digital inputs 

■ Low supply current (5V supply) 5mA max 

■ 18-pin DIP or surface mount SOIC 

■ Operating temperature range of 0°C to +70°C, 
-40°C to +85°C, and -55°C to +125°C 



BLt>L.IV UlALiKAiVl 



PiN CUNNtCIIONb 



Vrefout ( 



Vrefin O- 



Vref 



VZS Vcc AGNf 

I I I 



zs: 



IMI 



DBO 
(LSB) 



DB7 

(MSB) 



RESISTORS 
SWriCHES 
DECODERS 



GAIN GAIN 1 



ML2340 

ML2350 

18-Pin DrP 




ML2340 

ML2350 

18-Pln SOIC 



Vcc 


ox 


1 


18 


m Vref in 


VOUT 




2 


V 


™ Vref out 


Vzs 




3 


16 


=1 GAIN 1 


AGND 


en 


4 


15 


=3 GAIN 


DGND 


m 


5 


14 


m XFER 


DBO 




6 


13 


=3 DB7 


DB1 


tn 


7 


12 


=J DB6 


DB2 




8 


11 


™ DBS 


DB3 


ox 


9 


10 


m DB4 






TOP VIEW 
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PIN DESCmPTION 



PIN # 



NAME 



FUNCTION 



Vcc 

VoUT 

Vzs 



AGND 
DGND 



DBO 
DB1 



Positive supply. 
Voltage output of the D/A 
converter. Vqut 's referenced to 
Vzs. 

Zero Scale Voltage. Vqut 's 
referenced to Vzs- Vzs 's normally 
tied to AGND in the unipolar 
mode or to mid-supply in the 
bipolar mode. When the device is 
operated from a single power 
supply Vzs has a maximum 
current requirement of -300//A In 
the bipolar mode. 

Analog ground. 

Digital ground. This is the ground 
reference level for all digital 
inputs. The range is AGND < (Vcc 
- 4.5V). DGND is normally tied to 
system ground. 

Data input — Bit (LSB). 

Data input — Bit 1. 



PIN # 



18 



NAME 



FUNCTION 



8 


DB2 


Data input — Bit 2. 


9 


DBS 


Data input — Bit 3. 


10 


DB4 


Data input — Bit 4. 


11 


DB5 


Data input — Bit 5. 


12 


DB6 


Data input — Bit 6. 


13 


DB7 


Data input — Bit 7 (MSB). 


14 


XFER 


Transfer enable input. The data is 
transferred into the transparent 
latch at the high level of XFER. 


15 


GAIN 


Digital gain setting input 0. 


16 


GAIN 1 


Digital gain setting input 1. 


17 


Vref out 


Voltage reference output. 

Vref out 's referenced to AGND. 

Vref out is set to 2.5V and 5.0V in 

a low-voltage and high-voltage 

operation, respectively for the 

ML2350; 2.25V and 4.5V for the 

ML2340. 



Vref in 



Voltage reference input. Vref in 's 
referenced to AGND. 



ABSOLUTE MAXIMUM RATINGS 

(Note 1) 

Supply Voltage Vcc with Respect to AGND 14.2V 

DGND -0.3V to Vcc + 0.3V 

Vzs/Vrefin -0.3V to Vcc + 0.3V 

Logic Inputs -0.3V to Vcc + 0.3V 

Input Current per Pin (Note 2) ±25mA 

Storage Temperature -SS^C to +150°C 

Package Dissipation at T^ = 25°C (Board Mount) 875mW 

Lead Temperature (Soldering 10 sec.) 

Dual-ln-Line Package (Molded) 260°C 

Dual-ln-Line Package (Ceramic) 300*'C 

Molded Small Outline IC Package 

Vapor Phase (60 sec.) 215°C 

Infrared (15 sec.) 220*'C 



OPERATING CONDITIONS 

(Note 1) 

Supply Voltage, Vcc 4.5Vdc to 13.2Vdc 

Temperature Range (Note 3) T^in — Ta ^ T^^x 

ML2340BMJ, ML2340CMJ 

ML2350BMJ, ML2350CMJ -55°C to +125''C 

ML2340BIJ, ML2340CIJ 

ML2350BIJ, ML2350CIJ -40°C to +85*'C 

ML2340BCR, ML2340CCP 

ML2350BCB ML2350CCP 

ML2340BCS, ML2340CCS 

ML2350BCS, ML2350CCS 0°C to +70°C 
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ELECTRICAL CHARACTERISTICS 

Unless otherwise specified, Ta = Tmin to Tmax. Vcc - AGND = 5V ± 10% and 12V + 10%, Vref in for ML2340 = 2.25V 
and 4.50V, for ML2350 Vref in = 2.50V and 5.00V, Vqut ioad is Rl = 1K and Cl = lOOpF, Vref load is Rl = 1K and 
Cl = 100pF and input control signals with tR = tF < 20ns. 



PARAMETER 



NOTES 



CONDITIONS 



ML2340XCX, ML2350XCX 



MIN 



lYP 

(Note 4) 



MAX 



ML2340XIX, ML2340XMX 
ML2350XIX, ML2350XMX 



MIN 



TVP 

(Note 4) 



MAX 



UNITS 



Converter and Programmable Gain Amplifier 
















Converter Resolution 


5 




8 






8 






Bits 


Integral Linearity Error 
ML2340BXX, ML2350BXX 
ML2340CXX, ML2350CXX 


- 5 


GAIN = 2, 1, 1/2, or V4 






, ±1/4 
±1/2 






±1/4 
±1/2 


LSB 
LSB 


Differential Linearity Error 
ML2340BXX, ML2350BXX 
ML2340CXX, ML2350CXX 


5 


GAIN = 2, 1, 1/2, or V4 






±1/4 
±1/2 






±1/4 
±1/2 


LSB 
LSB 


Mode Select 
Unipolar Output 
Bipolar Output 


5 


Vzs with respect to AGND 



1.50 




1.0 

Vcc-2.25 



1.50 




1.0 
Vcc-2.25 


V 
V 


Offset Error 
Unipolar Mode 


5 


Figure 1 

GAIN = 1/4, 1/2, 1 

GAIN = 2 






±10 
±20 






±12 

±24 


mV 
mV 


Bipolar Mode 


5 


Figure 1 

GAIN = 1/4, 1/2, 1, 2 






±10 plus 
±21/2 LSB 






±10 plus 
±21/2 LSB 


mV 


Gain Error 
Unipolar Mode 
Bipolar Mode 


5 


Figure 1 

GAIN = 1/4, 1/2, 1, 2 

GAIN = 1/4, 1/2, 1, 2 




+.5 
±.5 


±2 

±2 




±.5 
' ±.5 . 


±2.5 


%FS 
%F5 



Reference 



Vref out Voltage 
ML2340BXX 


5 


Vcc ^ ^ov 


Ta = 25°C 

Tmin to Tmax 


2.23 
2.22 


2.25 


2.27 
2.28 


2.23 
2.18 


2.25 


2.27 
2.32 


V 
V 




Vcc ^ 8.0V 


Ta = 25<'C 
Tmin to Tmax 


4.48 
4.46 


4.50 


4.52 
4.54 


4.48 
4.43 


4.50 


4.52 

4.57 


V 
V 


ML2340CXX 


Vcc ^ 7.0V 


Ta = 25<'C 

Tmin to Tmax 


2.22 
2.20 


2.25 
4.50 


2.29 
2.30 


2.22 
2.18 


2.25 


2.28 
2.32 


V 
V 




Vcc ^ 8.0V 


Ta = 25°C 

Tmin to Tmax 


4.45 
4.40 


455 
4.60 


4.45 
4.35 


4.50 


4.55 
4.65 


V 
V 


ML2350BXX 


5 


Vcc ^ 7.0V 


Ta = 250c 
Tmin to Tmax 


2.48 
2.47 


2.50 


2.52 
2.53 


2.48 
2.43 


2.50 


2.52 
2.57 


V 
V 




Vcc ^ 8.0V 


Ta = 25°C 
Tmin to Tmax 


4.98 
496 


5.00 


5.02 
5.04 


498 
4.90 


5.00 


5.02 
5.10 


V 
V 


ML2350CXX 


Vcc ^ 70V 


Ta = 25°C 
Tmin to Tmax 


2.45 
2.44 


2.50 


2.55 
2.58 


2.46 
2.42 


2.50 


2.55 
2.59 


V 
V 




Vcc ^ 8.0V 


Ta = 25°C 
Tmin to Tmax 


495 
490 


5.00 


5.05 
5.10 


4.95 
4.85 


5.00 


5.05 
5.15 


V 
V 


Temperature Coefficient 
Vref out 








50 






50 




ppm/oC 


Vref Output Current 


5 




-1 




5 


-1 




5 


mA 


Vref out Power Supply 
Rejection Ratio 


5 


100mVp_p, 1kHz 
Sinewave on Vcc 


-40 


-60 




-40 


-60 




dB 
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ELECTRICAL CHARACTERISTICS (Continued) 

Unless otherwise specified, Ta = Tmin to TmaX/ Vcc - AGND = 5V + 10% and 12V ± 10%, Vref in ^or ML2340 = 2.25V 
and 4.50V; for ML2350 Vref in = 2.50V and 5.00V, Vqut load is Rl = 1K and Cl = lOOpF, Vref load is Rl = IK and 
Cl = lOOpF and input control signals with tR = tp < 20ns. 



PARAMETER 



NOTES 



CONDITIONS 



ML2340XCX, ML2350XCX 



MIN 



TYP 

(Note 4) 



MAX 



ML2340XIX, ML2340XMX 
ML2350XIX, ML2350XMX 



MIN 



TVP 
(Note 4) 



MAX 



UNITS 



Vref in and Vzs 



Vref in Input Range 


5 


Vcc ^ ^oov 
Vcc ^ 8.00V 


AGND+2 
AGND+2 




AGND+ 

2.6 
AGND+ 

5.5 


AGND+2 
AGND+2 




AGND+ 

2.6 
AGND+ 

5.5 


V 
V 


Vref in DC Input 
Resistance 


5 




10 






10 






MO 


Vzs Voltage Range 


5, 8 




AGND 




Vcc/2 
X 1.1 


AGND 




Vcc/2 
x1.1 


V 



Analog Output 



- -"" - — 1 

Vqut Output Swing 
Unipolar Mode 


5,8 


Rl = 100K 


AGND+ 
0.01 




Vcc-.04 


AGND+ 
0.01 




Vcc-.04 


V 




Rl = 1K 


AGND+ 
1.0 




Vcc-1.0 


AGND+ 
1.0 




Vcc-1.0 


V 


Bipolar Mode 


5 


Rl = 100K 


AGND+ 
0.1 




Vcc-0.1 


AGND+ 
0.1 




Vcc-0.1 


V 




Rl = 1K 


AGND+ 
1.0 




Vcc-1.0 


AGND+ 
1.0 




Vcc-1.0 


V 


Vqut Output Current 


5 


AGND+1V<VouT<Vcc-1V 


-10 




+10 


-10 




+10 


mA 


Power Supply 
Rejection Ratio 




100mVp_p, 1kHz 
sinewave on Vcc 




-60 






-60 




dB 



Digital and DC 



V|n(0) Logical "0" 
Input Voltage 


5 








0.8 






0.8 


V 


V|N(1) Logical "1" 
Input Voltage 


5 




2.0 






2.0 






V 


l,N(o) Logical "0" 
Input Current 


5 


V,N = DGND 


-1 






-1 






M 


liN(i) Logical "V 
Input Current 


5 


V,N = Vcc 






1 






1 


M 


Supply Current, 
Bipolar Mode 
Ico Vcc Current 

UcNDr 

Analog Ground Current 
Ivzs/ Vzs Current 


5 


Vcc = 5V ± 10% 




-90 


5.3 

-5.0 
-300 




-90 


5.3 

-5.0 
-300 


mA 
mA 


Ico Vcc Current 

UCND/ 

Analog Ground Current 
Ivzs Vzs Current 


5 


Vcc = 12V ± 10% 




-90 


9.3 

-9.0 
-300 




-90 


9.3 

-9.0 
-300 


mA 
mA 
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ELECTRICAL CHARACTERISTICS (Continued) 

Unless otherwise specified, Ta = Tmin to Tmax. Vcc - AGND = 5V + 10% and 12V ± 10%, Vref in ^or ML2340 = 2.25V 
and 4.50V, for ML2350 Vref in = 2.50V and 5.00V, Vqut load is Rl = IK and Cl = lOOpF, Vref load is Rl = IK and 
Cl = 100pF and input control signals with tR = tF < 20ns. 



PARAMETER 



NOTES 



CONDITIONS 



ML2340XCX, ML2350XCX 



MIN 



TYP 
(Note 4) 



MAX 



ML2340XIX, ML2340XMX 
ML2350XIX, ML2350XMX 



MIN 



TVP 

(Note 4) 



MAX 



UNITS 



Digital and DC (Continued) 



Supply Current, 
Unipolar Mode 

Ico Vcc Current 

'agnd/ 

Analog Ground Current 

Ivzs/ Vzs Current 


5 


Vcc = 5V ± 10% 






6.0 

-4.3 
-1.7 







6.0 

-4.3 
-1.7 


mA 

mA 
mA 


Ico Vcc Current 

'agnd/ 

Analog Ground Current 

'vzs/ Vzs Current 


5 


Vcc = 12V + 10% 






11.0 

-73 
-3.7 






11.0 

-73 
-3.7 


mA 

mA 
mA 



AC Performance 



Settling Time 
tsi 


5 


Figure 2, 

Output Step of AGND + 1V 

to Vcc - iy Rl = 1K 




1.2 


2.5 




1.2 


3.0 


fJS 


tS2 


Output Step of 
AGND + 100mV to 
Vcc-100mV, Rl = 100K 




2.5 


5 




2.5 


6 


/iS 


tS3 


Output Step of ±1LSB 






1 






1 


//s 


ts4, Gain Change 


Change of Any Gain Setting 




1.1 


2.5 




1.1 




fJS 


txFER. XFER Pulse Width 


5 


Figure 3 


60 






60 






ns 


toBS/ DB0-DB7 
Setup Time 


5 


Figure 3 


40 






45 






ns 


toBH/ DB0-DB7 
Hold Time 


5 


Figure 3 
















ns 


tRESET/ Power-On 
Reset Time 


6 








16 






16 


fJS 



Note 1: 
Note 2: 
Note 3: 



Note 4: 
Note 5: 
Note 6: 
Note 7: 
Note 8: 






Absolute maximum ratings arp limits hpyond whirh the 'Ife o^ the 'ntegrated circuit may be impaired. All volt; 

specified are measured with respect to analog ground. 

When the voltage at any pin exceeds the power supply rails (\/\f^ < AGND or V||sj > V^c) the absolute value of current at that pin 

should be limited to 25mA or less. 

-55°C to +125°C operating temperature range devices are 100% tested at temperature extremes with worst-case test conditions. -40°C 

to +85°C operating temperature range devices are 100% tested with temperature limits guaranteed by 100% testmg, sampling, or by 

correlation with worst-case test conditions. 

Typicals are parametric norm at 25*0. 

Parameter guaranteed and 100% production tested. 

Parameter guaranteed. Parameters not 100% tested are not in outgoing quality level calculation. 

Supply current and analog ground current are specified with the digital inputs stable and no load on Vqut- 

In unipolar operation with V^s and AGND tied together, digital codes that represent an analog value of less than lOOmV from AGND 

should be avoided. 
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ANALOG 
OUTPUT 





ACTUAL 


~ 


K 


/\^ ^ GAIN ERROR 

^ IDEAL WITH OFFSET 




/ 


/ 




»— IDEAL 




y^ 




\ 


OFFSET (ZERO) ERROR 


^ 




— 


t 





DIGITAL INPUT 

Unipolar Mode 



OFFSET 
ERROR 



ANALOG ACTUAL \ y^ 

OUTPUT y^ 

GAIN 
ERROR 



Figure 1. Gain and Offset Error 




DIGITAL INPUT - 

Bipolar Mode 



GAIN 0, GAIN 1 



VOUT- 



'%. 



rv 



■< tsi, tS2, tS3- 



Figure 2. Settling Time 



SETTLED TO 

- ±1/2 LSB 



^ V 

>\ tWR k4 

< VALID DATA >- — • 



Figure 3. Single Buffered Mode 
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1.0 FUNCTIONAL DESCRIPTrON 



1.1 D/A CONVERTER 

The D/A converter is implemented using an array of 
equal current sources that are decoded semi linearly 
for the four most significant bits to improve differential 
linearity and to reduce output glitch around major 
carries. See Figure 4. 

The input voltage reference of the D/A converter is the 
difference between Vref in ^^d AGND. This difference 
voltage is converted to a reference current using an 
internal resistor to set up the appropriate current level 



in the D/A converter. The D/A converter output current 
is then converted to a voltage output by an output 
buffer and a resistive network. The matching among the 
on-chip resistors preserves the gain accuracy between 
these conversions. 

The D/A converter can be used in a multiplying mode 
by modulating the reference input within the specified 
Vref in range. 



0)4. 64r (h4i O2. (Si 0. 
po f9 Y? T? ?? 



4-BIT 
DIVIDER 



-Vcc 



- DACOUT 

- DACoUT 



Figure 4. D/A Converter Implementation 



1.2 SINGLE-SUPPLY vs. DUAL-SUPPLY OPERATION 

ML2340 and ML2350 can be powered from a single 
supply ranging from 4.5V to 13.2V or dual supplies 
ranging from +2.25V to +6.6V. 

The internal digital and analog circuitry is powered 
between Vcc and AGND. The range of DGND is 
AGND < DGND < Vcc - 4.5V with the logic thresholds 
set between .8V and 2.0V above DGND (standard TTL 
logic level). The range of V^s is AGND < V2:s < (Vcc - 
2.25V). 



SWING 

The ML2340 and ML2350 can operate in either unipolar 
and bipolar output voltage mode. Unipolar/bipolar 
mode selection is determined by comparing the zero 
scale voltage (Vzs) of these devices to a precise internal 
reference that is referred to AGND. Vzs 's ideally the 
voltage that vv^ill be produced at the DAC voltage 
output when the digital input data is set to all "O's". 
Unipolar mode is selected when Vzs 's lower than 1.00 
volt, and bipolar mode is selected when Vzs 's greater 
than 1.50 volts. 

1.3.1 Unipolar Output Mode 

In the unipolar mode, Vqut swings above Vzs- Ideally 
the 00000000 code results in an output voltage of Vzs, 
and the 11111111 code results in an output voltage of 
Vps X 255/256, where Vps is the full-scale voltage 
determined by Vref in and the gain setting. 



1.3.2 Bipolar Output Mode 

In the bipolar mode, Vqut swings around Vzs- The 
input data is in 2's complement binary format. Ideally, 
the 00000000 code results in an output voltage of Vzs; 
the 10000000 code results in an output voltage of (Vzs 
- Vps); and the 01111111 results in an output voltage of 
(Vzs + Vps 127/128), where Vps is the full scale output 
voltage determined by Vref in and the gain setting. 

1.4 OUTPUT BUFFER AND GAIN SETTING 

The output buffer converts the D/A output current to a 
voltage output using a resistive network with proper 
gain setting determined by the GAIN and GAIN 1 
inputs. There are four possible gain settings for unipolar 
output voltage mode and bipolar output voltage mode 
as listed below: 

Unipolar Output Voltage Mode 



GAIN 1 


GAIN 


GAIN 


Voltage Output Swing 
Relative to Vzs 








V4 


Vref in >< V4 





1 


1/2 


Vref in x V2 


1 





1 


Vref in X 1 


1 


1 


2 


Vref in X 2 
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Bipolar Output Voltage Mode 




GAIN 1 


GAIN 


GAIN 


Voltage Outputp.p 








V4 


±Vref in >< Vb 





1 


1/2 


±Vref in ^ V4 


1 





1 


±Vref in X Vz 


1 


1 


2 


±Vref in ^ 1 



ML2350 



The output buffer can source or sink as much as 10mA 
of current with an output voltage of at least 1V from 
either Vcc or AGND. As the output voltage approaches 
Vcc Of AGND the current sourcing/sinking capability of 
the output buffer is reduced. The output buffer can still 
swing down to within 10mV of AGND and up to within 
40mV of Vcc with a 100K load at Vqut to AGND in the 
unipolar operation. In the bipolar operation, the output 
buffer swing is limited to about 100mV from either rails. 

1.5 VOLTAGE REFERENCE 

A bandgap voltage reference is incorporated on the 
ML2340 and ML2350. Two reference voltages can be 
produced by each device. An internal comparator 
monitors the power supply voltage to determine the 
selection of the reference voltage. A reference voltage 
of 2.25 volts on the ML2340 and 2.50 volts on the 
ML2350 is selected when the supply voltage is less than 
approximately 7.50 volts. Otherwise, a reference voltage 
of 4.50 volts and 5.00 volts is selected. To prevent the 
comparator from oscillating between the two selections, 
avoid operation with a power supply between 7.0 and 
8.0 volts. 

The bandgap reference is trimmed for zero 
Temperature Coefficient (TC) at 35°C to minimize 
output voltage drift over the specified operating 
temperature range. 

The internal reference is buffered for use by the DAC 
and external circuits. The reference buffer will source 
more than 5mA of current and sink more than 1mA of 
current. With Vref in connected to Vref ouT/ the 
following output voltage ranges of the DAC are 
obtained: 

ML2340 



Gain 
Setting 


Vref = 2.25V with 
Vcc < 7.0V 


Vref = 4.5V with 
Vcc ^ 80V 


Unipolar 


Bipolar 


Unipolar 


Bipolar 


V4 


to 0.562V 


-0.281V to 
+0.281V 


to 1.125V 


-0.562V to 
+0.562V 


1/2 


to 1.125V 


-0.562V to 
+0.562V 


to 2.250V 


-1.125V to 
+1.125V 


1 


to 2.250V 


-1.125V to 
+1.125V 


to 4.500V 


-2.250V to 
+2.250V 


2 


to 4.500V 


-2.250V to 
+2.250V 


to 9.000V 


-4.500V to 
+4.500V 



Gain 
Setting 


Vref = 2.50V with 
Vcc ^ 7.0V 


Vref = 5.00V with 
Vcc ^ 8-OV 


Unipolar 


Bipolar 


Unipolar 


Bipolar 


1/4 


to 0.625V 


-0.3125V to 
+0.3125V 


to 1.25V 


-0.625V to 
+0.625V 


1/2 


to 1.250V 


-0.6250V to 
+0.6250V 


to 2.50V 


-1.250V to 
+1.250V 


1 


to 2.500V 


-1.2500V to 
+1.2500V 


to 5.00V 


-2.500V to 
+2.500V 


2 


to 5.000V 


-2.5000V to 
+2.5000V 


to 10.00V 


-5.000V to 
+5.000V 



An external reference can alternatively be used on 
Vref in to set the desired full scale voltage. The linearity 
of the D/A converter depends on the reference used, 
however. To insure integral linearity at an 8-bit level, a 
reference voltage of no less than 2V and no more than 
7V (2.75V for operation with a low-voltage power 
supply) should be used. 

1.6 DIGITAL INTERFACE 

The digital interface of the ML2340 and ML2350 consist 
of a transfer input (XFER) and eight data inputs, DBG 
through DBZ The digital interface operates in one of 
the two modes: 

1.6.1 Single-Buffered Mode 

Digital input data on DB0-DB7 is passed through an 8- 
bit transparent input latch on the rising edge of XFER. 
Because the outputs of the latch are connected directly 
to the inputs of the internal DAC, changes on the 
digital data while the XFER input is still active will cause 
an Immediate change in the DAC output voltage. To 
hold the input data on the latch, the XFER input needs 
to be deactivated while the data is still stable. 

1.6.2 Flow-Through Mode 

In the flow-through mode, the Input latch is bypassed. 
When XFER is set to logic "1", a change of data inputs, 
DB0-DB7, results in an immediate update of the output 
voltage. 

1.7 POWER-ON-RESET 

The ML2340 and ML2350 have an internal power-on-reset 
circuit to initialize the device when power is first applied 
to the device. The power-on-reset interval of typically 
8//S begins when the supply voltage, Vcc reaches 
approximately 2.0V. During the power-on-reset interval, 
the transparent latch is reset to all "O's". 
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2.0 TYPICAL APPLICATIONS 



< V|N < 4.5V C 



A 
V 



/iip 



"T 



^ 



Vrefout 
Vrefin 



D/A 

wriH 

REFERENCE 



) VoUT 



Figure 5. Using 4.50V Reference of D/A for Reference of A/D Using Single 5V Vcc ± 10% 



DB7 
DBO 
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RD 
ML2261 



-o 



JT 



CLOCK 
SOURCE 

OR 
TIMER 
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DB7 
DBO 



ML2340 
D/A 



^ 



ADDRESS 
DECODE 



^ 



»NT 
DEN 



TMS320 
/E14 
CI 5 



PAO 
PA1 
PA2 



Figure 6. TMS320 Interface 



Vcc 

ML2350 
VoUT 

Vrefin 

Vrefout 

Vzs 

GAIN 

AGND 
GAIN 1 



d 



- 5.0V - lOOmV 



32: 



UNIPOIAR 
"O VoUT 
0TO5V 




VoUT, GAIN 2 



VoUT, GAIN 1 



^256 CODES 

> ^ 625V 

\^256 CODES 
GND —A-GND 



VoUT, GAIN V2 VoUT, GAIN V4 



Figure 7. Single 5V Supply Unipolar Vqut 
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2.0 TYPICAL APPLICATIONS (Continued) 



Vcc 

ML2340 

VOUT 

Vrefin 

Vrefout 

Vzs 

GAIN 

AGND 
GAIN 1 



BIPOLAR 
-O VoUT 



AROUND 

B4.5V 
4.50V 




Figure 8. Single 12V Supply, Bipolar Vqut with 11 -Bits Resolution Around Zero 



MICRO- 
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+12V 
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Vcc 



Vref out 

Vref in 
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VoUT 
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DGND 



+5V +12V 

Q 9 



1/#F -•- 



.1//F 



.1/yF 



I 

— 16 
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+12V 



+5V 
PWR VC 
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RSENSE 
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DISABLE 
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Figure 9. Hard Disc Drive Servo Coil Driver Providing 13- Bit Effective Resolution 
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ORDERING INFORMATION 



PART NUMBER 



INTEGRAL & DIFFERENTIAL 
NON-LINEARITY 



TEMPERATURE 
RANGE 



PACKAGE 



Vref out = 4.50V with Vcc ^ 8V and 2.25V with Vcc ^ TV 



ML2340BMJ 


+V4 LSB 


-55°C to +125°C 


HERMETIC DIP 


ML2340BIJ 




-40°C to +85°C 


HERMETIC DIP 


ML2340BCP 




0°C to +70°C 


MOLDED DIP 


ML2340BCS 




0°C to +70°C 
-55°C to +125°C 


MOLDED SOIC 


ML2340CMJ 


±1/2 LSB 


HERMETIC DIP 


ML2340CIJ 




-40°C to +85°C 


HERMETIC DIP 


ML2340CCP 




0°C to +70°C 


MOLDED DIP 


ML2340CCS 




0°C to +70°C 


MOLDED SOIC 



Vref out = 5.00V with Vcc ^ 8V and 2.50V with Vcc ^ 7V 



ML2350BMJ 


+V4 LSB 


-55°C to +125°C 


HERMETIC DIP 


ML2350BIJ 




-40°C to +85°C 


HERMETIC DIP 


ML2350BCP 




0°C to +70°C 


MOLDED DIP 


ML2350BCS 




0°C to +70°C 
-55°C to +125°C 


MOLDED SOIC 


ML2350CMJ 


±1/2 LSB 


HERMETIC DIP 


ML2350CIJ 




-40°C to +85°C 


HERMETIC DIP 


ML2350CCP 




0°C to +70°C 


MOLDED DIP 


ML2350CCS 




0°C to +70°C 


MOLDED SOIC 
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Single Supply Programmable 
8-Bit D/A Converters 



GENERAL DESCRIPTION 

The ML2341 and ML2351 are CMOS voltage output, 
8-bit D/A converters with an internal voltage reference 
and a //P interface. These devices are designed to be 
powered by a single supply, although they can be 
powered from dual power supplies. The output voltage 
swings above zero scale (V^s) in the unipolar mode or 
around zero scale (Vzs) in the bipolar mode, both with 
programmable gain. V^s can be set to any voltage 
from AGND to 2.25V below Vcc- The digital and 
analog grounds, DGND and AGND, are totally 
independent of each other. DGND can be set to any 
voltage from AGND to 4.5V below Vcc for easy 
interfacing to standard TTL and CMOS logic families. 

The high level of integration and versatility of the 
ML2341 and ML2351 makes them ideal for a wide 
range of applications in hard disk drives, automotive, 
telecom, and a variety of general purpose industrial. 
One specific intended application is controlling a hard 
disk voice coil. 

The ML2341 provides a 2.25V or 4.50V reference 
output for use with A/D converters that use a single 
5V ± 10% power supply, while the ML2351 provides a 
2.50V or 5.00V reference output. 



FEATURES 

■ Programmable output voltage gain settings of 2, 1, 
Vi, Va provide 8-, 9-, 10-, or 11-bit effective 
resolution around zero 

■ AGND to Vcc output voltage swing 

■ Bipolar or unipolar output voltage 

■ 4.5V to 13.2V single supply or +2.25V to ±6.5V 
dual-supply operation 

■ Single- and double-buffered, edge-triggered 
interface with 30ns write time, 0ns hold time 

■ Voltage reference output 

ML2341 2.25V or 4.50V 

ML2351 2.50V or 5.00V 

■ Nonllnearity +V4 LSB or ±1/2 LSB 

■ Output voltage settling time over temperature and 
supply voltage tolerance 

Within IV of Vcc and AGND 2.5/ys max 

Within lOOmV of Vcc and AGND 5fjs max 

■ TTL and CMOS compatible digital inputs 

■ Low supply current (Vref — 2.5V) 5mA max 

■ 20-pin DIP or PCC 

■ Operating temperature range of 0°C to +70°C, 
-40°C to +85°C, and -55°C to +125°C 



BLOCK DIAGRAM 



PIN CONNECTIONS 
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PIN DESCRIPTION 



PIN # 



1 



NAME 



FUNCTION 



PIN # 



Vref in Voltage reference input. Vref in 's 
referenced to AGND. 

Vcc Positive supply. 

VouT Voltage output of the D/A 

converter. Vqut 's referenced to 
Vzs. 
Vzs Zero Scale Voltage. Vqut 's 

referenced to V^s- V^s is normally 
tied to AGND in the unipolar 
mode or to mid-supply in the 
bipolar mode. When the device is 
operated from a single povs/er 
supply, Vzs has a maximum 
current requirement of -300^/A in 
the bipolar mode. 



16 



NAME 



FUNCTION 



10 


DBS 


11 


DB4 


12 


DBS 


13 


DB6 


14 


DB7 


15 


XFER 



WR 



5 


AGND 


Analog ground. 


17 


CS 


6 


DGND 


Digital ground. This is the ground 
reference level for all digital 






7 


DBO 


inputs. The range is AGND < (Vcc 
- 4.5V). DGND Is normally tied to 
system ground. 

Data input ■— Bit (LSB). 


18 
19 
20 


GAIN 
GAIN 1 
Vref out 


8 


DB1 


Data input — Bit 1. 






9 


DB2 


Data input — Bit 2. 







Data input — Bit 3. 

Data input — Bit 4. 

Data Input — Bit 5. 

Data input — Bit 6. 

Data input — Bit 7 (MSB). 

Transfer enable input. In the 
double buffered mode of 
operation, the data in the input 
latch is transferred to the D/A 
converter at the high level of XFER. 

Write enable input. While CS is 
low, data inputs are latched into 
th e inp ut latch on the rising edge 
of WR. 

Chip select input. Active low input 
which enables latchin g in the data 
on the rising edge of WR. 

Digital gain setting input 0. 
Digital gain setting input 1. 
Voltage reference output. 
Vref out is referenced to AGND. 
Vref out 's set to 2.5V and 5.0V in 
a low-voltage and high-voltage 
operation, respectively for the 
ML2351; 2.25V and 4.5V for the 
ML2341. 



ABSOLUTE MAXIMUM RATINGS 

(Note 1) 

Supply Voltage Vcc with Respect to AGND 14.2V 

DGND -0.3V to Vcc + "^^ 

Vzs.Vrefin -03V to Vcc + 0.3V 

Logic Inputs -0.3V to Vcc + 0-3V 

Input Current per Pin (Note 2) ±25mA 

Storage Temperature -65°C to +150**C 

Package Dissipation at T^ = 25°C (Board Mount) 875mW 

Lead Temperature (Soldering 10 sec.) 

Dual-ln-Llne Package (Plastic) 260°C 

Dual-ln-Line Package (Ceramic) 300°C 

Molded Chip Carrier Package 

Vapor Phase (60 sec.) 215°C 

Infrared (15 sec.) 220°C 



OPERATING CONDITIONS 

(Note 1) 

Supply Voltage, Vcc 4.5Vdc to 13.2Vdc 

Tpmneraturp Range (Mote 3) T^„^ ^ T^ ^ T^,^ 

ML2341BMJ, ML2341CMJ 

ML2351 BMJ, ML2351CMJ -55°C to +125°C 

ML2341BIJ, ML2341CIJ 

ML2351BIJ, ML2351CIJ -40°C to +85''C 

ML2341BCQ, ML2341CCQ 

ML2351BCQ, ML2351CCQ 

ML2341BCP, ML2341CCf' 

ML2351BCP, ML2351CCP 0*'C to +70*'C 
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ELECTRICAL CHARACTERISTICS 

Unless otherwise specified, Ta = Tmin to TmaX/ Vcc - AGND = 5V + 10% and 12V ± 10%, Vref in for ML2341 = 2.25V 
and 4.50V, for ML2351 Vref in = 2.50V and 5.00V, Vqut load is Rl = 1k and Cl = 100pF, Vref load is Rl = IK and 
Cl = lOOpF and input control signals with tR = tF ^ 20ns. 



PARAMETER 



NOTES 



CONDITIONS 



ML2341XCX, ML2351XCX 



MIN 



TVP 
(Note 4) 



MAX 



ML2341XIX, ML2341XMX 
ML2351XIX, ML2351XMX 



MIN 



TV'P 

(Note 4) 



MAX 



UNITS 



Converter and Programmable Gain Amplifier 
















Converter Resolution 


5 




8 






8 






Bits 


Integral Linearity Error 
ML2341BXX, ML2351BXX 
ML2341CXX, ML2351CXX 


5 


GAIN = 2, 1, 1/2, or Va 






±1/4 
±1/2 






±1/4 
±1/2 


LSB 
LSB 


Differential Linearity Error 
ML2341BXX, ML2351BXX 
ML2341CXX, ML2351CXX 


5 


GAIN = 2, 1, 1/2, or 1/4 






±1/4 
±1/2 






±1/4 
±1/2 


LSB 
LSB 


Mode Select 
Unipolar Output 
Bipolar Output 


5 


Vzs with respect to AGND 



1.50 




1.0 

Vcc-2.25 



1.50 




1.0 
Vcc-2.25 


V 
V 


Offset Error 
Unipolar Mode 


5 


Figure 1 

GAIN = 1/4, 1/2, 1 

GAIN = 2 






±10 
±20 






±12 

±24 


mV 
mV 


Bipolar Mode 


5 


Figure 1 

GAIN = 1/4, 1/2, 1, 2 






±10 plus 
±21/2 LSB 






±10 plus 
±21/2 LSB 


mV 


Gain Error 
Unipolar Mode 
Bipolar Mode 


5 


Figure 1 

GAIN = 1/4, 1/2, 1, 2 

GAIN = 1/4, 1/2, 1, 2 




+.5 
+.5 


±2 
±2 




±.5 
±.5 


±2.5 


%FS 
%FS 



Reference 



Vref out Voltage 
ML2341BXX 


5 


Vcc ^ 7.0V 


Ta = 25-C 
Tmin to Tmax 


2.23 
2.22 


2.25 


2.27 
2.28 


2.23 
2.18 


2.25 


2.27 
2.32 


V 
V 




Vcc ^ 8.0V 


Ta = 25<>C 
Tmin to T^ax 


4.48 
4.46 


4.50 


4.52 
4.54 


4.48 
4.43 


4.50 


4.52 
4.57 


V 
V 


ML2341CXX 


Vcc ^ 7.0V 


Ta = 25«'C 
Tmin to T^ax 


2.22 
2.20 


2.25 


2.29 
2.30 


2.22 
2.18 


2.25 


2.28 
2.32 


V 
V 




Vcc ^ 8.0V 


Ta = 25°C 
Tmin to Tmax 


4.45 
4.40 


4.50 


4.55 
460 


4.45 
435 


4.50 


4.55 
465 


V 
V 


ML2351BXX 


5 


Vcc ^ 7.0V 


Ta = 25'>C 
Tmin to Tmax 


2.48 
2.47 


2.50 


2.52 
2.53 


2.48 
2.43 


2.50 


2.52 

2.57 


V 
V 




Vcc ^ 8.0V 


Ta = 25<'C 
Tmin to Tmax 


4.98 
4.96 


5.00 


5.02 
5.04 


4.98 
4.90 


5.00 


5.02 
5.10 


V 
V 


ML2351CXX 


Vcc ^ 7.0V 


Ta = 25oC 
Tmin to Tmax 


2.45 
2.44 


2.50 


2.55 
2.58 


2.46 
2.42 


2.50 


2.55 
2.59 


V 
V 




Vcc ^ 8.0V 


Ta = 25°C 
Tmin to Tmax 


4.95 
4.90 


5.00 


5.05 
5.10 


4.95 
4.85 


5.00 


5.05 
5.15 


V 
V 


Temperature Coefficient 
Vref out 








50 






50 




ppm/«»C 


Vref Output Current 


5 




-1 




5 


-1 




5 


mA 


Vref out Power Supply 
Rejection Ratio 


5 


100m Vp_p, 1kHz 
Sinewave on Vcc 


-40 


-60 




-40 


-60 




dB 
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ELECTRrCAL CHARACTERISTICS (Continued) 

Unless otherwise specified, Ta = Tmin to Tmax, Vcc - AGND = 5V + 10% and 12V ± 10%. Vref in for ML2341 = 2.25V 
and 4.50V; for ML2351 Vref in = 2.50V and 5.00V, Vqut load Is Rl = 1k and Cl = lOOpF, Vref load Is Rl = IK and 
Cl = lOOpF and input control signals with tR = tF < 20ns. 



PARAMETER 



NOTES 



CONDITIONS 



ML2341XCX, ML2351XCX 



MIN 



JY? 

(Note 4) 



MAX 



ML2341XIX, ML2341XMX 
ML2351XIX, ML2351XMX 



MIN 



TYP 

(Note 4) 



MAX 



UNITS 



Vref in and Vzs 



Vref in Input Range 


5 


Vcc ^ ^OOV 
Vcc > 8.00V 


AGND +2 
AGND +2 




AGND+ 

2.6 
AGND+ 

5.5 


AGND+2 
AGND+2 




AGND+ 

2.6 
AGND+ 

5.5 


V 
V 


Vref in DC Input 
Resistance 


5 




10 






10 






MQ 


Vzs Voltage Range 


5,8 




AGND 




Vcc/2 
X 1.1 


AGND 




Vcc/2 
x1.1 


V 



Analog Output 



Vqut Output Swing 
Unipolar Mode 


5,8 


Rl = 100K 


AGND+ 
0.01 




VCC-.04 


AGND+ 
0.01 




Vcc-.04 


V 




Rl = 1K 


AGND+ 
1.0 




Vcc-1.0 


AGND + 
1.0 




Vcc-1.0 


V 


Bipolar Mode 


5 


Rl = 100K 


AGND+ 
0.1 




Vcc-0.1 


AGND+ 
0.1 




Vcc-0.1 


V 




Rl = 1K 


AGND+ 
1.0 




Vcc-1.0 


AGND+ 
1.0 




Vcc-1.0 


V 


Vqut Output Current 


5 


AGND+1V<VouT<Vcc-1V 


-10 




+10 


-10 




+10 


mA 


Power Supply 
Rejection Ratio 




100m Vp_p, 1kHz 
sinewave on Vcc 




-60 






-60 




dB 



Digital and DC 



V|N(0) Logical "0" 
Input Voltage 


5 








0.8 






0.8 


V 


V|N(i) Logical "1" 
Input Voltage 


5 




2.0 






2.0 






V 


l,N(0) Logical "0" 
Input Current 


5 


V|N = DGND 


-1 


' 


-1 






M 


l,N(i) Logical "1" 
Input Currerit 


5 


V,N = Vcc 






1 






1 


M 


Supply Current, 
Bipolar Mode 
•co Vcc Current 

'AGND/ 

Analog Ground Current 
Ivzs/ Vzs Current 


5 


Vcc = 5V ± 10% 




-90 


5.3 

-5.0 
-300 




-90 


5.3 

-5.0 
-300 


mA 

mA 
M 


Ico Vcc Current 

•agnd/ 

Analog Ground Current 

•vzs/ Vzs Current 


5 


Vcc = 12V ± 10% 




-90 


9.3 

-9.0 
-300 




-90 


9.3 

-9.0 
-300 


mA 

mA 
//A 
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ELECTRICAL CHARACTERISTICS (Continued) 

Unless otherwise specified, Ta = Tmin to TmaX/ Vcc - AGND = 5V ± 10% and 12V ± 10%. Vref in for ML2341 = 2.25V 
and 4.50V; for ML2351 Vref in = 2.50V and 5.00y Vqut load is Rl = Ik and Cl = lOOpF, Vref load is Rl = 1K and 
Cl = lOOpF and input control signals with tR = tp < 20ns. 



PARAMETER 



NOTES 



CONDITIONS 



ML2341XCX, ML2351XCX 



MIN 



TYP 
(Note 4) 



MAX 



ML2341XIX, ML2341XMX 
ML2351XIX, ML2351XMX 



MIN 



TYP 

(Note 4) 



MAX 



AC Performance 



UNITS 



Digital and DC (Continued) 




















Supply Current, 
Unipolar Mode 
■go Vcc Current 


5 


Vcc = 5V + 10% 






6.0 






6.0 


mA 


Iagnd/ 

Analog Ground Current 










-4.3 






-4.3 


mA 


Ivzs/ Vzs Current 










-1.7 






-1.7 


mA 


Ico ^cc Current 


5 


Vcc = 12V + 10% 






11.0 






11.0 


mA 


UcND/ 

Analog Ground Current 










-7.3 






-73 


mA 


Ivzs/ Vzs Current 










-3.7 






-3.7 


mA 



Settling Time 
tsi 


5 


Figure 2, 

Output Step of AGND + IV 

to Vcc - 1V Rl = IK 




1.2 


2.5 




1.2 


3.0 


fJS 


ts2 




Output Step of 
AGND + lOOmV to 
Vcc-IOOmV Rl = 100K 




2.5 


5 




2.5 


6 


/iS 


tS3 




Output Step of +1LSB 






1 






1 


fJS 


ts4. Gain Change 




Change of Any Gain Setting 




1.1 


2.5 




11 


3 


fJS 


twR, WR Pulse Width 


5 


Figure 3 


30 






30 






ns 


txFERr XFER Pulse Width 


5 


Figure 3 


60 






60 






ns 


txw. WR! to XFERl 


6 


Figure 3 


60 






60 






ns 


toBSr DB0-DB7 


5 


Figure 3 


40 






45 






ns 


Setup Time 




















toBH/ DB0-DB7 
Hold Time 


5 


Figure 3 
















ns 


tcss/ CS Setup Time 


5 


Figure 3 


50 






50 






ns 


tcsH/ CS Hold Time 


5 


Figure 3 
















ns 


tRESET/ Power-On 
Reset Time 


6 








16 






16 


fJS 



Note 1: 
Note 2: 
Note 3: 



Note 4: 
Note 5: 
Note 6: 
Note 7: 
Note 8: 



Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 

specified are measured with respect to analog ground. 

When the voltage at any pin exceeds the power supply rails (V|n < AGND or Vi^ > V^c) the absolute value of current at that pin 

should be limited to 25mA or less. 

-55°C to +125°C operating temperature range devices are 100% tested at temperature extremes with worst-case test conditions. -40°C 

to +85°C operating temperature range devices are 100% tested with temperature limits guaranteed by 100% testing, sampling, or by 

correlation with worst-case test conditions. 

Typicais are parametric norm at 25°C 

Parameter guaranteed and 100% production tested. 

Parameter guaranteed. Parameters not 100% tested are not in outgoing quality level calculation. 

Supply current and analog ground current are specified with the digital inputs stable and no load on Vqut- 

In unipolar operation with V^s and AGND tied together, digital codes that represent an analog value of less than lOOmV from AGND 

should be avoided. 
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OFFSET 
ERROR 



ANALOG ACTUAL T 

OUTPUT 

GAIN \yy 

ERROR 




DIGITAL INPUT ► 

Unipolar Mode 

Figure 1. Gain and Offset Error 



DIGITAL INPUT - 

Bipolar Mode 



GAIN 0, GAIN 1 



VOUT- 



X 



■\_/ 



-tsi,lS2, tS3 ■ 



SETTLED TO 

- ±1/2 LSB 



Figure 2. Settling Time 
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y 



O 



U 



— f VALID DATA J- - 



l^^ tDBS ►! h« tDBH 

XFERTIEDTO LOGIC "1 " 

Figure 3a. Single Buffered Mode 



■\ f 



XFER 
DB0-DB7 



— < 



>■ 



^ — v_ 

H tXFER H* 



Figure 3b. Double Buffered Mode 



1.0 FUNCTIONAL DESCRIPTION 

1.1 D/A CONVERTER 

The D/A converter is implemented using an array of 
equal current sources that are decoded semi linearly 
for the four most significant bits to improve differential 
linearity and to reduce output glitch around major 
carries. See Figure 4. 

The input voltage reference of the D/A converter is the 
difference between Vr^f in and AGND. This difference 
voltage is converted to a reference current using an 
internal resistor to set up the appropriate current level 



in the D/A converter. The D/A converter output current 
is then converted to a voltage output by an output 
buffer and a resistive network. The matching among the 
on-chip resistors preserves the gain accuracy between 
these conversions. 

The D/A converter can be used in a multiplying mode 
by modulating the reference input within the specified 
Vref in range. 



41 (S4I (S4I Qix 01 01 



o 99 y9 t?t? 



4-BIT 
DIVIDER 



-Vcc 



- DACoUT 
. DACoUT 



Figure 4. D/A Converter Implementation 
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1.2 SINGLE-SUPPLY vs. DUAL-SUPPLY OPERATION 

ML2341 and ML2351 can be powered from a single 
supply ranging from 4.5V to 13.2V or dual supplies 
ranging from +2.25V to +6.6V. 

The internal digital and analog circuitry is powered 
between Vcc and AGND. The range of DGND is 
AGND < DGND < Vcc - 4.5V with the logic thresholds 
set between .8V and 2.0V above DGND (standard TTL 
logic level). The range of Vzs is AGND < V^s ^ 
(Vcc - 2.25V). 



1.3 



UNIPOIAR AND BIPOLAR OUTPUT VOLTAGE 
SWING 



The ML2341 and ML2351 can operate in either unipolar 
and bipolar output voltage mode. Unipolar/bipolar 
mode selection is determined by comparing the zero 
scale voltage (V^s) of these devices to a precise internal 
reference that is referred to AGND. Vzs 's ideally the 
voltage that will be produced at the DAG voltage 
output when the digital input data is set to all "O's". 
Unipolar mode is selected when Vzs 's lower than 1.00 
volt, and bipolar mode is selected when Vzs 's greater 
than 1.50 volts. 

1.3.1 Unipolar Output Mode 

In the unipolar mode, Vqut swings above Vzs- Ideally 
the 00000000 code results in an output voltage of Vzs, 
and the 11111111 code results in an output voltage of 
Vps X 255/256, where Vps is the full-scale voltage 
determined by Vref in and the gain setting. 

1.3.2 Bipolar Output Mode 

In the bipolar mode, Vqut swings around Vzs- The 
input data is in 2's complement binary format. Ideally, 
the 00000000 code results in an output voltage of Vzs; 
the 10000000 code results in an output voltage of (Vzs 
- Vps); and the 01111111 results in an output voltage of 
(Vzs "*" ^FS 1?^/128), where Vps is the full scale output 
voltage determined by Vref in and the gain setting. 

1.4 OUTPUT BUFFER AND GAIN SETTING 

The output buffer converts the D/A output current to a 
voltage output using a resistive network with proper 
gain setting determined by the GAIN and GAIN 1 
inputs. There are four possible gain settings for unipolar 
output voltage mode and bipolar output voltage mode 
as listed below: 

Unipolar Output Voltage Mode 



GAIN 1 


GAIN 


GAIN 


Voltage Output Swing 
Relative to Vzs 








1/4 


Vref in X V4 





1 


Vl 


Vref in ^ ^/2 


1 





1 


Vref in ^ 1 


1 


1 


2 


Vref in ^ 2 



Bipolar Output Voltage Mode 




GAIN 1 


GAINO 


GAIN 


Voltage Outputp_p 








V4 


±Vref in X V8 





1 


1/2 


±Vref in X V4 


1 





1 


±Vref in X V2 


1 


1 


2 


±VreF in X 1 



The output buffer can source or sink as much as 10mA 
of current with an output voltage of at least IV from 
either Vcc o^ AGND. As the output voltage approaches 
Vcc o"" AGND the current sourcing/sinking capability of 
the output buffer is reduced. The output buffer can still 
swing down to within lOmV of AGND and up to within 
40mV of Vcc with a 100K load at Vqut to AGND in the 
unipolar operation. In the bipolar operation, the output 
buffer swing is limited to about lOOmV from either rails. 

1.5 VOLTAGE REFERENCE 

A bandgap voltage reference is incorporated on the 
ML2341 and ML2351. Two reference voltages can be 
produced by each device. An internal comparator 
monitors the power supply voltage to determine the 
selection of the reference voltage. A reference voltage 
of 2.25 volts on the ML2341 and 2.50 volts on the 
ML2351 is selected when the supply voltage is less than 
approximately 7.50 volts. Otherwise, a reference voltage 
of 4.50 volts and 5.00 volts is selected. To prevent the 
comparator from oscillating between the two selections, 
avoid operation with a power supply between 7.0 and 
8.0 volts. 

The bandgap reference is trimmed for zero 
Temperature Coefficient (TC) at 35°C to minimize 
output voltage drift over the specified operating 
temperature range. 

The internal reference is buffered for use by the DAC 
and external circuits. The reference buffer will source 
more than 5mA of current and sink more than 1mA of 
current. With Vref in connected to Vref ouT/ the 
following output voltage ranges of the DAC are 
obtained: 

ML2341 



Gain 
Setting 


Vref = 2.25V with 
Vcc ^ 7.0V 


Vref = 4.5V with 
Vcc > 8.0V 


Unipolar 


Bipolar 


Unipolar 


Bipolar 


V4 


to 0.562V 


-0.281V to 
+0.281 V 


to 1.125V 


-0.562V to 
+0.562V 


1/2 


to 1.125V 


-0.562V to 
+0.562V 


to 2.250V 


-1.125V to 
+1.125V 


1 


to 2.250V 


> -1.125V to 
+1.125V 


to 4.500V 


-? ?50V to 
+2.250V 


2 


to 4.500V 


-2.250V to 
+2.250V 


to 9.000V 


-4.500V to 
+4.500V 
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ML2351 



Gain 
Setting 


Vref = 2.50V with 
Vcc < 7.0V 


Vref = 5.00V with 
Vcc > 8.0V 


Unipolar 


Bipolar 


Unipolar 


Bipolar 


1/4 


to 0.625V 


-0.3125V to 
+0.3125V 


to 1.25V 


-0.625V to 
+0.625V 


1/2 


to 1.250V 


-0.6250V to 
+0.6250V 


to 2.50V 


-1.250V to 
+1.250V 


1 


to 2.500V 


-1.2500V to 
+1 .2500V 


to 5.00V 


-2.500V to 
+2.500V 


2 


to 5.000V 


-2.5000V to 
+2.5000V 


to 10.00V 


-5.000V to 
+5.000V 



An external reference can alternatively be used on 
Vref in to set the desired full scale voltage. The linearity 
of the D/A converter depends on the reference used, 
however. To insure integral linearity at an 8-bit level, a 
reference voltage of no less than 2V and no more than 
TV (2.75V for operation with a low-voltage power 
supply) should be used. 

1.6 DIGITAL INTERFACE 

The digital interface of the de vice c onsists of a chip 
select input, CS, a write input, WR, a transfer input, 
XFER and eight data inputs, DBG through DB7 The 
digital interface operates in one of the two modes: 



1.6.1 Single-Buffered Mode 

To use the ML2341 and ML2351 in the single-buffered 
mode, tie XFER to logic "1". This will put the D/A latch 
in the transparent mode and the rising edge of WR at 
low level of CS will latch the data on DB0-DB7 into the 
input latch as well as update the D/A output voltage. 

1.6.2 Double-Buffered Mode 

To use the devices in th e dou ble-buffered mode, timing 
information is appl ied t o WR as well as XFER inputs. 
The rising edge of WR at low level of CS will latch the 
data on DB0-DB7 into the input latch. The D/A output 
voltage will not be updated, however, until XFER is 
brought to a high level, which transfers the data from 
input latch to D/A latch. Note that the D/A latch is a 
transparent latch controlled by the level, not edge, of 
the XFER input, any write operation to the input latch 
while XFER is still at a high level results in the 
immediate update of the D/A output voltage. 

1.7 POWER-ON-RESET 

The ML2341 and ML2351 have an internal power-on- 
reset circuit to initialize the device when power is first 
applied to the device. The power-on-reset interval of 
typically 8//s begins when the supply voltage, Vcc 
reaches approximately 2.0V. During the power-on-reset 
interval, both the input and data latch are reset to all 
"O's". 
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2.0 TYPICAL APPLICATIONS 



< V|N < 4.5V C 



+VREF 
ML2261 



//P 



"T 



Vrefout 
Vrefin 



D/A 

WITH 

REFERENCE 



>VoUT 



Figure 5. Using 4.50V Reference of D/A for Reference of A/D Using Single 5V Vcc ± 10% 



VinC 



DB7 
DBO 

In? 

RD 
ML2261 



CS 

"T 



-o 



CLOCK 
SOURCE 

OR 
TIMER 



VOUTO 



DB7 
DBO 

ML2341 

ML2351 

D/A 



CS 
WR 



e 



ADDRESS 
DECODE 



D7 
DO 

INT 
DEN 



TMS320 
/E14 
CI 5 



PAO 
PA1 
PA2 
WE 



Figure 6. TMS320 Interface with D/A Output 



Vcc 

ML2351 

VOUT 

Vrefin 

Vrefout 

Vzs 

GAIN 

AGND 
GAIN 1 



d 



I 2.5( 



UNIPOLAR 
-O VouT 
OTO 5V 




5.0V - lOOmV 
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2.0 TYPICAL APPLICATIONS (Continued) 
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ORDERING INFORMATION 



PART NUMBER 



INTEGRAL & DIFFERENTIAL 
NON-LINEARITY 



TEMPERATURE 
RANGE 



PACKAGE 



Vref out = 4.50V with Vcc ^ 8V and 2.25V with Vcc ^ 7V 



ML2341BMJ 


+1/4 LSB 


-55°C to +125°C 


HERMETIC DIP 


ML2341BIJ 




-40°C to +85°C 


HERMETIC DIP 


ML2341BCP 




0°C to +70°C 


MOLDED DIP 


ML2341BCQ 




0°C to +70°C 
-55°C to +125°C 


MOLDED PCC 


ML2341CMJ 


±1/2 LSB 


HERMETIC DIP 


ML2341CIJ 




-40°C to +85°C 


HERMETIC DIP 


ML2341CCP 




0°C to +70°C 


MOLDED DIP 


ML2341CCQ 




0°C to +70°C 


MOLDED PCC 



Vref out = 5.00V with Vcc ^ 8V and 2.50V with Vcc ^ 7V 



ML2351BMJ 


±1/4 LSB 


-55°C to +125°C 


HERMETIC DIP 


ML2351BIJ 




-40°C to +85°C 


HERMETIC DIP 


ML2351BCP 




0°C to +70°C 


MOLDED DIP 


ML2351BCQ 




0°C to +70°C 
-55°C to +125°C 


MOLDED PCC 


ML2351CMJ 


±1/2 LSB 


HERMETIC DIP 


ML2351CIJ 




-40°C to +85°C 


HERMETIC DIP 


ML2351CCP 




C'C to +70°C 


MOLDED DIP 


ML2351CCQ 




0°C to +70°C 


MOLDED PCC 
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Gain /Attenuators 



Part 
Number 


Gain 

Range 

(dB) 


Resolution 
(dB Steps) 


Noise 

(dBrnc 

@ Max Gain) 


Harmonic 

Distortion 

(dB) 


Digital 
Interface 


Power 
Supplies 

(V) 


Temperature 

Range 

C 1 


Package 


ML2003 


-24 to +24 


0.1 





-60 


Serial, 
Hard Wire 


±5 


X X 


18.pin DIP 
20-pin PCC 


ML2004 


-24 to +24 


0.1 





-60 


Serial 


±5 


X X 


14-pin DIP 


ML2008 


-24 to +24 


0.1 





-60 


8-Bit fjP 


±5 


X X 


18-pin DIP 
20-pin PCC 


ML2009 


-24 to +24 


0.1 





-60 


16-Bit //P 


±5 


X X 


18-pin DIP 
20-pin PCC 



Equalizers 



Part 
Number 


Frequency 
Response 
Adjustable 


Idle 
Channel 

Noise 
(dBrnc) 


Harmonic 

Distortion 

(dB) 


Comment 


Interface 
Interface 


Power 
Supplies 

(V) 


Temperature 

Range 

C 1 


Package 


ML2020 


Slope, 
Height 
Bandwidth 


8 


-48 


60 Hz 
Rejection 


Serial 


±5 


X X 


16-pin DIP 
18-pln SOIC 


ML2021 


Slope 

Height 

Bandwidth 


8 


-48 


Group 
Delay 
Optimized 


Serial 


±5 


X X 


16-pin DIP 
18-pin SOIC 



Tone Detectors 



Part 
Number 


Detect 

Frequency 

(Hz) 


Dynamic 
Range 
Detect 
(dBm) 


Frequency 
Template 

(Hz) 


Comment 


Power 
Supplies 

(V) 


Temperature 

Range 

C 1 


Package 


ML2031 


IK to 4K 


-34 to +6 


Detect ±10 
No Detect +36 


Exceed Bell Pub 43004, 
Clock Outputs of 
CLK,N +2, +8 


±5 


X X 


8-pin DIP 


ML2032 


IK to 4K 


-34 to +6 


Detect ±10 
No Detect ±36 


Exceed Bell Pub 43004, 
Uncommitted Op Amp 


±5 


X X 


8-pin DIP 



Programmable Sinewave Generators 



Part 
Number 


Frequency 
Range 
(Hz) 


Min 

Resolution 

(Hz) 


Gain 
Error 

(dB) 


Harmonic 

Distortion 

(dB) 


Comment 


Digital 
interface 


Power 
Supplies 

(V) 


Temperature 

Range 

C 1 


Package 


ML2035 


DC to 25K 


±.75 


±.1 


-45 


Voltage 
Amplitude 

Vcc/2 


Serial 


±5 


X X 


8-pin DIP 


ML2036 


DC to 50K 


±.75 


±.1 


-45 


Adj. Voltage 
Amplitude, 
Clock 
Outputs of 
CLK,N -2, -^8 


Serial 


±5 


X X 


14-pin DIP 
16-pin SOIC 
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GENERAL DESCRIPTION 

The ML2003 and ML2004 are digitally controlled 
logarithmic gain/attenuators with a range of -24 to 
+24dB in O.ldB steps. 

The gain settings are selected by a 9-bit digital word. 
The ML2003 digital interface is either parallel or serial. 
The ML2004 is packaged in a 14-pin DIP with a serial 
interface only. 

Absolute gain accuracy is O.OSdB max over supply 
tolerance of ±10% and temperature range. 

These CMOS logarithmic gain/attenuators are designed 
for a wide variety of applications in telecom, audio, 
sonar, or general purpose function generation. One 
specific intended application is analog telephone lines. 



FEATURES 

■ Low noise dBrnc max with +24dB gain 

■ Low harnnonic distortion -60dB nnax 

■ Gain range -24 to +24dB 

■ Resolution O.ldB steps 

■ Flat frequency response ±.05dB from .3-4kHz 

+.10dB from .1-20kHz 

■ Low supply current 4mA max from ±5V supplies 

■ TTL/CMOS compatible digital interface 

■ ML2003 has pin selectable serial or parallel 
interface; ML2004 serial interface only 

■ Standard 14-pin or 18-pin 0.3" center DIP or 20- 
pin molded chip carrier package 



BLOCK DIAGRAM 



PIN CONNECTIONS 



Pdn ACND Vss GND 

9 9 P 9 




__ RESISTORS/ 
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\» 
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l-i L 6 
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NOTE: SERIAL MODE FUNCTIONS INDICATED BY PARENTHBES. 
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PIN DESCRIPTION 



NAME 



FUNCTION 



NAME 



FUNCTION 



C3 In serial mode, pin is unused. In parallel 

mode, coarse gain select bit. Pin has 
internal pulldown resistor to GND. 

(LATI) C2 In serial mode, input latch clock which 
loads the data from the shift register 
into the latch. In parallel mode, coarse 
gain select bit. Pin has internal 
pulldown resistor to GND. 

(SID) CI In serial mode, serial data input that 
contains serial 9 bit data word which 
controls the gain setting. In parallel 
mode, coarse gain select bit. Pin has 
Internal pulldown resistor to GND. 

(LATO) CO In serial mode, output latch clock which 
loads the 9 bit data word back into the 
shift register from the latch. In parallel 
mode, coarse gain select bit. Pin has 
internal pulldown resistor to GND. 
Pdn Powerdown input. When Pqn = 1^ device 

is in powerdown mode. When Pqn = 0^ 
device Is In normal operation. Pin has 
internal pulldown resistor to GND. 

F3 In serial mode, pin is unused. In parallel 

mode, fine gain select bit. Pin has 
internal pulldown resistor to GND. 

(SCK) F2 In serial mode, shift register clock 

which shifts the serial data on SID into 
the shift register on rising edges and 
out on SOD on falling edges. In parallel 
mode, fine gain select bit. Pin has 
internal pulldown resistor to GND. 



F1 



In serial mode, pin is unused. In 
parallel mode, fine gain select bit. Pin 
has internal pulldown resistor to GND. 

Digital ground. volts. All digital inputs 

and output are referenced to this 

ground. 

Seri al or parallel select input. When 

SER/PAR = 1, de vice is in serial mode. 

When SER/PAR = 0, device is In parallel 

mode. Pin has Internal pullup resistor to 

Vcc. 

In serial mode, serial output data which 

is the output of the shift register. In 

parallel mode, fine gain select bit. Pin 

has internal pulldown resistor to GND. 

Analog input. 

Analog ground. volts. Analog input 

and output are referenced to this 

ground. 

Negative supply. -5 volts ±10%. 

Analog output. 

Positive supply. +5 volts ±10%. 

ATTEN/GAIN In serial mode, pin is unused. In 

parallel mode, attenuation/gain select 
bit. Pin has internal pulldown resistor to 
GND. 



GND 



SER/PAR 



(SOD) FO 



V|N 

AGND 



Vss 

VoUT 

Vcc 



ABSOLUTE MAXIMUM RATINGS 

(Note 1) 

Supply Voltage 

Vcc +6-5V 

Vss -6.5V 

AGND with respect to GND ±.5V 

Analog Input and Output Vss - 0-3V to Vcc + 0-3V 

Digital Inputs and Outputs GND - 0.3V to Vcc + 0.3V 

Input Current Per Pin ±25mA 

Power Dissipation 750mW 

Storage Temperature Range -65°C to +150°C 

Lead Temperature (soldering, 10 sec) 300°C 



OPERATING CONDITIONS 



Temperature Range (Note 2) 

ML2003CP, ML2004CP, ML2004CQ 0°C to +70°C 

ML2003IJ, ML2004IJ -40°C to +85°C 

Supply Voltage 

Vcc 4V to 6V 

Vss -4V to -6V 
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ELECTRICAL CHARACTERISTICS 



Unless otherwise specified Ta = Tmin to Tmax. Vcc = 5V +10%, Vss = -5V ±10%, Data Word: ATTEN/GAIN = 1, 
Other Bits = (OdB Ideal Gain), Cl = lOOpF, Rl = 600O, SCK = LATI = LATO = 0, dBm measurements use 600O as 
reference load, digital timing measured at 1.4V. 



SYMBOL 



PARAMETER 



NOTES 



CONDITIONS 



MIN 



TYP 
NOTES 



MAX 



UNITS 



Analog 



AG 


Absolute gain accuracy 


4 


V,N = 8dBm, 1kHz 


-0.05 




+0.05 


dB 


RG 


Relative gain accuracy 


4 


100000001 

000000000 

000000001 

All other gain settings 

All values referenced to 100000000 gain 

when ATTEN/GAIN = 1. V,m = 8dBm 


-.05 
-.05 
-.05 
-0.1 




+.05 
+.05 
+.05 
+0.1 


dB 
dB 
dB 
dB 




when ATTEN/GAIN = 0, 

V,N = (8dBm - Ideal Gain) in dB 




FR 


Frequency response 


4 


300-4000HZ 
100-20,000 Hz 
Relative to 1kHz 


-0.05 
-0.1 




+0.05 
+0.1 


dB 
dB 


VOS 


Output Offset Voltage 


4 


V|N = 0, +24dB gain 






±100 


mV 


iCN 


Idle Channel Noise 


4 
5 


V|N = 0, +24dB gain, C msg. Weighted 
V,N = 0, +24dB gain, 1kHz 




-6 
450 



900 


dBrnc 
nv/VRz 


HD 


Harmonic Distortion 


4 


V|N = 8dBm, 1kHz 

Measure 2nd, 3rd harmonic relative 

to fundamental 






-60 


dB 


SD 


Signal to Distortion 


4 


V,N = 8dBm, 1kHz. 
C msg. weighted 


+60 






dB 


PSRR 


Power Supply Rejection 


4 


200m Vp.p, 1kHz sine, V|n = 
on Vcc 
on Vss 




-60 
-60 


-40 
-40 


dB 
dB 


Z|N 


Input Impedance, Vin 


4 




1 






Meg 


V,NR 


Input Voltage Range 


4 




±3.0 






V 


Vosw 


Output Voltage Swing 


4 




±3.0 






V 



Digital and 


DC 














V|L 


Digital Input Low Voltage 


4 








.8 


V 


V,H 


Digital Input High Voltage 


4 




2.0 






V 


Vol 


Digital Output Low Voltage 


4 


Iql ~ 2mA 






.4 


V 


VOH 


Digital Output High Voltage 


4 


loH = -'imA 


4.0 






V 


Ins 


Input Current, SER/PAR 


4 


V,H = GND 


-5 




-100 


AfA 


'nd 


Input Current, All Digital 
Inputs Except SER/PAR 


4 


V,H = Vcc 


5 




100 


M 


Ice 


Vcc Supply Current 


4 


No output load, Vjl = GND, 
V|H = Vco V,N = 






4 


mA 


Iss 


Vss Supply Current 


4 


No output load, V|l = GND, 
V|H = Vcc. V,N = 






-4 


mA 


•ccp 


Vcc Supply Current, 
Powerdown Mode 


4 


No output load, V|l = GND, 
V|H = Vcc 






.5 


mA 


'ssp 


Vss Supply Current 
Powerdown Mode 


4 


No output load, V|l = GND, 
V,H = Vcc 






-.1 


mA 
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ELECTRICAL CHARACTERISTICS (Continued) 

Unless otherwise specified Ta = Tmin to Tmax. Vcc = 5V ±10%, Vss = -5V ±10%, Data Word: ATTEN/GAIN = X 
Other Bits = (OdB Ideal Gain), Cl = lOOpF, Rl = 600O, SCK = LATI = LATO = 0, dBm measurements use 600O as 
reference load, digital timing measured at 1.4V. Cl = lOOpF or SOD. 



SYMBOL 


PARAMETER 


NOTES 


CONDITIONS 


MIN 


TYP 
NOTE 3 


MAX 


UNITS 


AC Characteristics 


tSET 


VouT Settling Time 


4 


V|N = 0.185V. Change gain from -24 to 
+24dB. Measure from LATI rising edge 
to when Vqut settles to within O.OSdB 
of final value. 






20 


fJS 


tSTEP 


Vqut Step Response 


4 


Gain = +24dB. V,n = -0.185V to -K).185V 
step. Measured when Vqut settles to 
within O.OSdB of final value. 






20 


fJS 


tsCK 


SCK On/Off Period 


4 




250 






ns 


ts 


SID Data Setup Time 


4 




50 






ns 


tH 


SID Data Hold Time 


4 




50 






ns 


to 


SOD Data Delay 


4 









125 


ns 


t|PW 


LATI Pulse Width 


4 




50 






ns 


topw 


LATO Pulse Width 


4 




50 






ns 


tis^ tos 


LATI, LATO Setup Time 


4 




50 






ns 


t|H> tOH 


LATI, LATO Hold Time 


5 




50 






ns 


tpLD 


SOD Parallel Load Delay 


4 









125 


ns 



Note 1: Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless 

otherwise specified are measured with respect to ground. 
Note 2: 0°C to 70°C and -40°C to +85°C operating temperature range devices are 100% tested with temperature limits 

guaranteed by 100% testing, sampling, or by correlation with worst-case test conditions. 
Note 3: Typicals are parametric norm at 25°C. 
Note 4: Parameter guaranteed and 100% production tested. 
Note 5: Parameter guaranteed, parameters not 100% tested are not in outgoing quality level calculation. 



TIMING DIAGRAM 
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TIMING PARAMETERS ARE REFERENCED TO THE 1.4 VOIT MIDPOINT 

Figure 1. Serial Mode Timing Diagram 
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TYPICAL PERFORMANCE CURVES 
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Figure 2. Amplitude vs Frequency (Vhm/Vqut = •^Vrms) 



Figure 3. Ampiitucle vs Frequency (Vin/Vqut = 2Vrms) 
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Figure 4. Output Noise Voltage vs Frequency 
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Figure 5. Cmsg Output Noise vs Gain Setting 
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Figure 6. Cmsg VN vs Gain Setting 



Figure 7. Gain Error vs Gain Setting 
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TYPICAL PERFORMANCE CURVES (Continued) 
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Figure 8. S/N + D vs Gain Setting (Vin/Vqut = 2Vrms) 



Figure 9, S/N + D vs Gain Setting (Vin/Vqut = .SVrms) 



1.0 FUNCTIONAL DESCRIPTION 

The ML2003 consists of a coarse gain stage, a fine gain 
stage, an output buffer, and a serial/parallel digital 
interface. 

1.1 Gain Stages 

The analog input, V|n, goes directly into the op amp 
input in the coarse gain stage. The coarse gain stage 
has a gain range of to 22.5dB in 1.5dB steps. 

The fine gain stage is cascaded onto the coarse section. 
The fine gain stage has a gain range of to 1.5dB in 
O.ldB steps. 

In addition, both sections can be programmed for 
either gain or attenuation, thus doubling the effective 
gain range. 

The logarithmic steps In each gain stage are generated 
by placing the input signal across a resistor string of 16 
series resistors. Analog switches allow the voltage to be 
tapped from the resistor string at 16 points. The resistors 
are sized such that each output voltage is at the proper 
logarithmic ratio relative to the input signal at the top 
of the string. Attenuation Is implemented by using the 
resistor string as a simple voltage divider, and gain is 
implemented by using the resistor string as a feedback 
resistor around an internal op amp. 

1.2 Gain Settings 

Since the coarse and fine gain stages are cascaded, their 
gains can be summed logarithmically. Thus, any gain 
from -24dB to +24dB in O.ldB steps can be obtained by 



combining the coarse and fine gain settings to yield the 
desired gain setting. The relationship between the 
digital select bits and the corresponding analog gain 
values is shown in Tables 1 and 2. Note that C3-C0 
selects the co arse gain, F3-F0 selects the fine gain, and 
ATTEN/GAIN selects either attenuation or gain. 

1.3 Output Buffer 

The final analog stage is the output buffer. This 
amplifier has internal gain of 1 and is designed to 
drive 600 ohms and lOOpF loads. Thus, it is suitable 
for driving a telephone hybrid circuit directly without 
any external amplifier. 

1.4 Power Supplies 

The digital section is powered between Vcc and GND, 
or 5 volts. The analog section is powered between Vcc 
and Vss and uses AGND as the reference point, or ±5 
volts. 

GND and AGND are totally isolated inside the device 
to minimize coupling from the digital section into the 
analog section. However, AGND and GND should be 
tied together physically near the device and ideally 
close to the common power supply ground 
connection. 

Typically, the power supply rejection of Vcc and Vss 
to the analog output is greater than -60dB at 1kHz. If 
decoupling of the power supplies is still necessary in a 
system, Vcc and Vss should be decoupled with 
respect to AGND. 
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FUNCTIONAL DBCRIPTION (Continued) 



Table 1. Fine Gain Settings (C3~C0 = 0) 



Table 2. Coarse Gain Settings (F3-F0 = 0) 





F2 


F1 


FO 


Ideal Gain (dB) 


C3 


C2 


CI 


CO 


Ideal G 


ain (dB) 
AFIEN 




F3 


ATTEN/GAIN = 1 


ATTEN/GAIN = 


ATTEN/GAIN = 1 


/GAIN = 














.0 


.0 














.0 




.0 













-.1 


.1 













-1.5 




1.5 












-.2 


.2 













-3.0 




3.0 












-.3 


.3 












-4.5 




4.5 





1 






-.4 


.4 





1 








-6.0 




6.0 





1 






-.5 


.5 





1 






-7.5 




7.5 





1 






-.6 


.6 





1 







-9.0 




9.0 





1 






-.7 


.7 





1 






-10.5 




10.5 











-.8 


.8 












-12.0 




12.0 











-.9 


.9 











-13.5 




13.5 











-1.0 


1.0 












-15.0 




15.0 











-1.1 


1.1 











-16.5 




16.5 




1 






-1.2 


1.2 




1 







-18.0 




18.0 




1 






-1.3 


1.3 




1 






-19.5 




19.5 




1 






-1.4 


1.4 




1 







-21.0 




21.0 




1 






-1.5 


1.5 




1 






-22.5 




22.5 



1.5 Powerdown Mode 

A powerdown mode can be selected with pin Pdn- 
When Pdn = X the device is powered down. In this 
state, the power consumption is reduced by removing 
power from the analog section and forcing the analog 
output, VouT^ to a high impedance state. While the 
device is in powerdown mode, the digital section is still 
functional and the current data word remains stored in 
the latch when in serial mode. When Pdn = 0, the 
device is in normal operation. 

1.6 Digital Section 

The ML2003 can b e op erated with a serial or parallel 
interface. T he S ER/PAR pin selects the desired interface. 
Wh en SE R/PAR = 1, the serial mode is selected. When 
SER/PAR = 0, the parallel mode is selected. The ML2004 
digital interface is serial only. 

1.6.1 Serial Mode 

Serial mode is selected by setting SER/PAR pin high. 
The serial interface allows the gain settings to be set 
from a serial data word. 

The timing for the serial mode is shown in Figure 10. 
The serial input data, SID, is loaded into a shift register 
on rising edges of the shift clock, SCK. The data can be 
parallel loaded into a latch when the input latch signal, 
LATI, is high. The LATI pulse must occur when SCK is 
low. In this way, a new data word can be loaded into 
the shift register without disturbing the existing data 
word in the latch. 

The parallel outputs of the latch control the 
attenuation/gain setting. The order of the data word 
bits in the latch is shown in Figure 11. Note that bit is 
the first bit of the data word clocked into the shift 
register. Tables 1 and 2 describe how the data word 
programs the gain. 



The device also has the capability to read out the data 
word stored in the latch. This can be done by parallel 
loading the data from the latch back into the shift 
register when the latch signal, LATO, is high. The LATO 
pulse must occur when SCK is low. Then, the data 
word can be shifted out of the shift register serially to 
the output, SOD, on falling edges of the shift clock, 
SCK. 

The loading and reading of the data word can be done 
continuously or in bursts. Since the shift register and latch 
circuitry inside the device is static, there are no minimum 
frequency requirements on the clocks or data pulses. 
However, there is coupling (typically less than 100 /LtV) of the 
digital signals into the analog section. This coupling can be 
minimized by clocking the data bursts in during noncritical 
intervals or at a frequency outside the analog frequency 
range. 

1.6.2 Parallel Mode 

The parallel mode is selected by setting SER/PAR pin 
low. The parallel interface allows the gain settings to be 
set with external switches or from a parallel 
microprocessor interface. 

In parallel mode, the shift register and latch are 
bypassed and connections are made direct ly to the gain 
select bits with external pins ATTEN/GAIN, C3-C0, and 
F3-F0. Tables 1 and 2 desc ribe h ow these pins program 
the gain. The pins ATTEN/GAIN, C3-C0, and F3-F0 have 
internal pulldown resistors to GND. The typical value of 
these pulldown resistors is lOOkO. 
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FUNCTIONAL DESCRIPTION (Continued) 



- ]a(i:iZX]DCEXEXiXiDCiXiIMI 



JZX 



-^TJCJCJCJZJCJCJZJZJLirj^iiJZj: 



a) LOAD 



"_n_rL 

"DCIXZI 



J\ A A A A A A A A A A 



- XIIIDO(IZI)(ZXIXEIZXZXiDCIIM^ 



b) READ 



Figure 10. Serial Mode Timing 



ATTEN/CAIN C3 C2 CI CO F3 F2 F1 FO 



876543210 



BIT NUMBER 



Figure 11. 9-Bit Utch 
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APPLICATIONS 



ML2004 
LOG GAIN/ATTEN 




JW 



ViN 



VOUT 

ATTEN/GAIN 
C3-C0 
F3-F1 



> 8-BIT LATCH 



-yv\ 



Figure 12. Typical Serial Interface 



Figure 13. Typical //P Parallel Interface 



ML2020 OR ML2004 



ViN 



VoUT 



V) (/) 2 «/> 



//P 



ML2020 OR ML2004 



ML2020 OR ML2004 



ViN 



VoUT 



(/)(/) .J (/) 



ViN 



VoUT - 



S 2 



-ss- 



Figure 14. Controlling Multiple ML2020 and ML2004 With Only 3 Digital Lines 
Using One Long Data Word 



./v\^_ 



ViN 



VoUT 



ATTEN/GAIN 
C3-C0 
F3-F1 



yw 



8-BIT LATCH < 



OR 
DSP 



Figure 15. AGC For DSP Or Modem Front End 



3-10 



^iL Micro Linear 



ML2003, ML2004 



APPLICATIONS (Continued) 



yw_ 



VOUT 



ATTEN/GAIN 
C3-C0 
F3-F1 



31 



yw 



UP/DOWN _ 

8-BIT COUNTER U/D 

-A 




Ri 



i- 



Rl, R2, R3 SETS AGC THRESHOLD 
AND HYSTERESIS 



Figure 16. Analog AGC 



ViN 



VoUT 



ATTEN/GAIN 
C3-C0 



3E 



UP/DOWN 
8-BIT CTR U/D 



FROM 

fjPOR 

SWITCHES 



-yv\ 



Figure 17. Digitally Controlled Volume Control 



Vref- 



V|N VoUT 



ATTEN/GAIN 
C3-C0 
F3-F1 



3f 



UP/DOWN 
8-BIT COUNTER 

4^ 



U/D 




VpEAK 




-VoUT 



JV\. 



^VpEAK 



-V|N 



fCLKI DETERMINES PEAK ACQUIRE TIME 
fcLK2 DETERMINES PEAK HOLD TIME 



Figure 18. Precision Peak Detector (±1%) with Controllable Acquire and Hold Times 
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ORDERING INFORMATION 



PART NUMBER 


PACKAGE 


TEMR RANGE 


ML2003IJ 


HERMETIC DIP 


-40°C to +85°C 


ML2003CP 


MOLDED DIP 


0°C to +70°C 


ML2003CQ 


MOLDED PCC 


0°C to +70°C 


ML2004IJ 


HERMETIC DIP 


-40°C to +85°C 


ML2004CP 


MOLDED DIP 


0°C to +70°C 
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jL(P Compatible Logarithmic Gain /Attenuator 



GENERAL DESCRIPTION 

The ML2008 and ML2009 are digitally controlled logarithmic 
gain /attenuators with a range of -24 to +24 dB in 0.1 dB 
steps. 

Easy interface to microprocessors is provided by an input 
latch and control signals consisting of chip select and write. 

The interface for gain setting of the ML2008 is by an 8-bit 
data word, while the ML2009 is designed to interface to a 
16-bit data bus or with an 8-bit data bus with a single write 
operation by hard-wiring the gain /attenuation pin or LSB pin. 
The ML2008 can be power downed by the microprocessor 
utilizing a bit in the second write operation. 

Absolute gain accuracy is 0.05 dB max over supply tolerance 
of ±10% and temperature range. 

These CMOS logarithmic gain /attenuators are designed for a 
wide variety of applications in telecom, audio, sonar, or gen- 
eral purpose function generation. 



FEATURES 

■ Low noise OdBrnc max with -i-24dB gain 

■ Low harmonic distortion -60dB max 



I Gain range 
I Resolution 
I Flat frequency response 



-24 to -h24dB 
0.1 dB steps 
±0.05dB from 0.3-4 kHz 
±0.10dB from 0.1-20 kHz 
I Low supply current 4mA max from ±5 V supplies 
I TTL/CMOS compatible digital interface 
I ML2008 is designed to interface to an 8-bit data bus; 
ML2009 to 16-bit data bus. 

I Standard 18-pin 0.3" center DIP or 20-pin molded 
chip carrier package 



BLOCK DIAGRAMS 



ML2008 

Vcc Vss GND AGND 



'i 'i 1 1 

+5 -5 - V 




ML2009 

Vcc Vss GND AGND 

? 

+5 



'i 'i 1 I 

+5 -5 ^ V 



VlN 

o— 




VOUT 




WR 



s§=o- 



V 

D0-D8 
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PIN CONNECTIONS 



ML2008 



ML2009 





18 


-PrN DIP 




D7[ 


1 


^» 




D6[ 


2 


17 




D5[ 


3 


16 




D4[ 


4 


15 




wr[ 


5 


14 




D3[ 


6 


13 




D2[ 


7 


12 




Dl[ 


8 


11 




gnd[ 


9 


10 





]D8 
]Vcc 
] VOUT 
]Vss 
] AGND 
]V|N 
] NC 
] CS 
] AO 





18 


-PIN DIP 


D7 [ 


1 


^« 


D6[ 


2 


17 


D5[ 




16 


D4[ 




15 


wr[ 




14 


D3[ 




13 


D2[ 




12 


D1 [ 




11 


cnd[ 


9 


10 



]vcc 

]VoUT 

]vss 

] AGND 
]V,N 

] NC 

]« 

] DO 



20-PiN PLCC 



D5 D6 D7 D8 Vcc 




D1GNDA0 CS V|N 
TOP VIEW 



D5 D6 D7 D8 Vcc 

r—ii— irnr-n— I 



D4[ 

NC[ 

wr[ 

D3[ 
D2[ 



2 1 20 19 



9 10 11 12 13 



18 ] VouT 
17 ] Vss 
16 ]AGND 
15 ]NC 
14 ]NC 



D1 GND DO CS VrN 
TOP VIEW 



PIN DESCRIPTION 



NAME 



Vss 
Vcc 
GND 

AGND 



V,N . 

Vqut 
D8 
D7 
D6 
D5 
D4 



FUNCTION 



Negative supply. -5 volts ±10% 

Positive supply. 5 volts ± 10% 

Digital ground. Ovolts. All digital 

inputs are referenced to this 

ground. 

Analog ground. Ovolts. Analog 

input and output are referenced to 

this ground. 

Analog input 

Analog output 

Data bit, ATTEN /GAIN 

Data bit, C3 

Data bit, C2 

Data bit, CI 

Data bit, CO 



NAME 


FUNCTION 


D3 


Data bit, F3 


D2 


Data bit, Pdn/ F2 ML2008; F2 




ML2009 


D1 


Data bit, FO, F1 ML2008; F1 




ML2009 


DO 


Data bit, F0ML2009 only 


WR 


Write enable. This input latches 




the data bits into the registers on 




rising edges of WR. 


CS 


Chip select. This input selects the 




device by only allowing the WR 




signal to latch in data when CS is 




low. 



A0(ML2008only) 



Address select. This input deter- 
mines which data word is being 
written into the registers. 
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ABSOLUTE MAXIMUM RATINGS 

(Note 1) 

Supply Voltage 

Vcc +6.5V 

Vss -6.5V 

AGNDwith RespecttoGND Vcc to Vss 

Analog Inputs and Outputs Vss -0.3V to Vcc +0.3 V 

Digital Inputs and Outputs GND -0.3 V to Vcc +0.3 V 

Input Current Per Pin ±25mA 

Power Dissipation 750mW 

Storage Temperature Range -65°Cto +150° C 

Lead Temperature (Soldering 10 sec.) 300° C 



OPERATING CONDITIONS 



Temperature Range (Note 2) 

ML2008CP, ML2009CP 0°Cto +70°C 

ML2008CQ, ML2009CQ 0°Cto +70°C 

ML2008IJ, ML2009IJ -40°Cto +85°C 

Supply Voltage 

Vcc 4Vto6V 

Vss -4Vto-6V 



ELECTRICAL CHARACTERISTICS 

Unless otherwise specified Ta=Tmin toTMAX/ Vcc = 5V±107o, Vss= -5V±107o, Data Word: D8 (ATTEN/GAIN) = 1, Other 
Bits = 0, (OdB Ideal Gain), CL = 100pF, Rl = 600Q, dBm measurements use 600Q as reference load, digital timing measured at 
1.4V 



SYMBOL 



PARAMETER 



NOTES 



CONDITIONS 



MIN 



TYP 
NOTE 3 



MAX 



ANALOG 



UNITS 



AG 


Absolute Gain Accuracy 


4 


V,N = 8dBm,1kHz 


-0.05 




+0.05 


dB 


RG 


Relative Gain Accuracy 


4 


100000001 

000000000 

000000001 

All other gain settings 

All values referenced to 100000000 gain 

when D8(ATTEN/GAIN) = 1, V|N = 8dBm 

when D8 (ATTEN/GAIN)=0, 

V|N = (8dBm - Ideal Gain) in dB 


-0.05 
-0.05 
-0.05 
-0.1 




+0.05 
+0.05 
+0.05 
+0.1 


dB 
dB 
dB 
dB 


FR 


Frequency Response 


4 


300-4000HZ 
100-20,000 Hz 
Relative to 1 kHz 


-0.05 
-0.1 




+0.05 
+0.1 


dB 
dB 


Vos 


Output Offset Voltage 


4 


V|N=0, +24dBgain 






±100 


mV 


'CN 


Idle Channel Noise 


4 
5 


V|N =0, +24dB, C msg weighted 
V|N=0, +24dB,1kHz 




-6 
450 



900 


dBrnc 
nv/ VHz 


HD 


Harmonic Distortion 


4 


V|N=8dBm,1kHz 

Measure 2nd, 3rd, harmonic relative to 

fundamental 






-60 


dB 


SD 


Signal to Distortion 


4 


V,N = 8dBm,1kHz 
C msg weighted 


+60 






dB 


PSRR 


Power Supply Rejection 


4 


2Q0mVp.p, 1kHz sine, V,N==0 
on Vcc 
on Vss 




-60 
-60 


-40 
-40 


dB 
dB 


An 


Input Impedance, Vj^ 


4 




1 






Meg 


V,NR 


Input Voltage Range 


4 




±3.0 






V 


Vqsw 


Output Voltage Swing 


4 




±3.0 






V 
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ELECTRICAL CHARACTERISTICS (Continued) 

Unless otherwise specified Ta=Tmin IoTmax. Vcc = 5V±107o, Vss= -5V±107o, Data Word: D8 (ATTEN/GAIN) = 1, Other 
Bits = (OdB Ideal Gain), CL = 100pF, Rl = 600Q, dBm measurements use 600Q as reference load, digital timing measured at 
1.4V,Cl=100pF. 



SYMBOL 


PARAMETER 


NOTES 


CONDITIONS 


MIN 


TYP 
NOTES 


MAX 


UNITS 


DIGITAL AND DC 


V,L 


Digital Input Low Voltage 


4 








0.8 


V 


V,H 


Digital Input High Voltage 


4 




2.0 






V 


l|N 


Input Current, Low 


4 


V|H = GND 






-10 


hA 


l|N 


Input Current, High 


4 


V|H=Vcc 






10 


mA 


Ice 


Vcc Supply Current 


4 


No output load, V|L = GND, 

V|H = VcoV|N = 






4 


mA 


Iss 


Vss Supply Current 


4 


No output load, V|l = GND, 
V,H=VcoV,N = 






-4 


mA 


Iccp 


Vcc Supply Current, ML2008 
Powerdown Mode Only 


4 


No output load, V|l = GND, 
V,H = Vcc 






0.5 


mA 


■ssp 


Vss Supply Current, ML2008 
Powerdown Mode Only 


4 


No output load, V|L = GND, 
V,H = Vcc 






-0.1 


mA 


AC CHARACTERISTICS 


tsET 


Vqut Settling Time 


4 


V|N=0.185V. Change gain from -24 to 
+24dB. Measure from WR rising edge to 
when Vqut settles to within 0.05 dB of 
final value. 






20 


jws 


tsTEP 


Vqut Step Response 


4 


Gain=+24dB.V|N=-3Vto+3Vstep. 
Measure from V|n — 3 Vto when Vqut 
settles to within O.OSdB of final value. 






20 


MS 


tDS 


Data Setup Time 


4 




50 






ns 


tpH 


Data Hold Time 


4 




50 






ns 


tAS 


AO Setup Time 


4 











ns 


tAH 


AO Hold Time 


4 











ns 


tcss 


CS* Setup Time 


4 











ns 


tcSH 


CS* Hold Time 


4 











ns 


tpw 


WR* Pulse Width 


4 




50 






ns 



Note 1: Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 

specified are measured with respect to ground. 

Note 2: 0°C to +70°C and - 40°C to +85°C operating temperature range devices are 100% tested with temperature limits guaranteed by 

100% testing, sampling, or by correlation with worst-case test conditions. 

Note 3: Typicals are parametric norm at 25°C. 

Note 4: Parameter guaranteed and 100% production tested. 

Note 5: Parameter guaranteed. Parameters not 100% tested are not in outgoing quality level calculation. 
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TIMING DIAGRAM 
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Figure 1. Timing Diagram 



TYPICAL PERFORMANCE CURVES 
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Figure 2. Amplitude vs Frequency (V|n / Vqut = 0-5 Vrms) 





















V 


^ 


r- 


>| 


ATTEN: V|N = 2V 
GAIN:V|n = 2Vr 


RMS 

MS/ 


GAJN SETTING 




N 




A 


\ 


















GAIN 


= +24dB^ 

1 1 1 


V 


' '\ 


















GJv'.^ = 0di/\ 


/ 




















GAIN = -24dB ' 

Jill 1 


i. 


























\ 


























\ 




















































1 


























1 





IK 10K 

FREQUENCY (Hz) 



Figure 3. Amplitude vs Frequency (Vim / Vqut = 2 Vrms) 
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Figure 4. Output Noise Voltage vs Frequency 



Figure 5. Cmsg Output Noise vs Gain Setting 
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TYPICAL PERFORMANCE CURVES (Continued) 
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Figure 6. Cmsg S/N vs Gain Setting 



Figure 7. Gain Error vs Gain Setting 
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Figure 8. S/N +D vs Gain Setting (Vin/Vqut = 2 Vrms) 



Figure 9. S/ N +D vs Gain Setting (Vin/Vqut = 0.5 Vrms) 



1.0 FUNCTIONAL DESCRIPTION 

The ML2008, ML2009 consists of a coarse gain stage, a fine 
gain stage, an output buffer, and a \i? compatible parallel 
digital interface. 

1.1 Gain Stages 

The analog input, V|n, goes directly into the op amp input in 
the coarse gain stage. The coarse gain stage has a gain range 
of to 22.5dB in 1.5dB steps. 

The fine gain stage is cascaded onto the coarse section. The 
fine gain stage has a gain range of Oto 1.5dB in 0.1 dB steps. 

Both stages can be programmed for either gain or attenua- 
tion, thus doubling the effective gain range. 



The logarithmic steps in each gains stage are generated by 
placing the input signal across a resistor string of 16 series 
resistors. Analog switches allow the voltage to be tapped from 
the resistor string at 16 points. The resistors are sized such that 
each output voltage is at the proper logarithmic ratio relative 
to the input signal at the top of the string. Attenuation is im- 
plemented by using the resistor string as a simple voltage 
divider, and gain is implemented by using the resistor string 
as a feedback resistor around an internal op amp. 

1.2 Gain Settings 

Since the coarse and fine gain stages are cascaded, their gains 
can be summed logarithmically. Thus, any gain from -24dB 
to +24dB in 0.1 dB steps can be obtained by combining 
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the coarse and fine gain settings to yield the desired gain 
setting. The relationship between the register and 1 bits and 
the corresponding analog gain values is shown in Tables 1 and 
2. Note that C3-C0 sel ect the coarse gain, F3-F0 select the 
fine gain, and ATTEN /GAIN selects either gain or 
attenuation. 

1.3 Output Buffer 

The final analog stage is the output buffer. This amplifier has 
internal gain of 1 and is designed to drive 600Q, 100 pF loads. 
Thus, it is suitable for driving a telephone hybrid circuit di- 
rectly without any external amplifier. 



1.4 Power Supplies 

The digital section is powered between Vcc and GND, or 5 V. 
The analog section is powered between Vcc and Vss and 
uses AGND as the reference point, or ± 5 V. 

GND and AGND are totally isolated inside the device to 
minimize coupling from the digital section into the analog 
section. Typically this is less than IOOjkV. However, AGND 
and GND should be tied together physically near the device 
and ideally close to the common power supply ground 
connection. 

Typically, the power supply rejection of Vcc and Vss to the 
analog output is greater than -60dBat1kHz. If decoupling 
of the power supplies is still necessary in a system, Vcc and 
Vss should be decoupled with respect to AGND. 



Table 1. Fine Gain Settings (C3 - CO = 0) 



Table 2. Coarse Gain Settings (F3 - FO = 0) 











Ideal Gain (dB) 










Ideal Gain (dB) 


F3 


F2 


PI 


FO 


AnEN/GAIN 


= 1 ATTEN/GAIN = 


C3 


C2 


CI 


CO 


AnEN/GAIN = 


= 1 AnEN/GAIN = 














0.0 


0.0 














0.0 


0.0 











1 


-0.1 


0.1 











1 


-1.5 


1.5 













-0.2 


0.2 













-3.0 


3.0 










1 


-0.3 


0.3 










1 


-4.5 


4.5 





1 








-0.4 


0.4 





1 








-6.0 


6.0 





1 





1 


-0.5 


0.5 





1 





1 


-7.5 


7.5 





1 







-0.6 


0.6 





1 







-9.0 


9.0 





1 




1 


-0.7 


0.7 





1 




1 


-105 


10.5 













-0.8 


0.8 













-12.0 


12.0 










1 


-0.9 


0.9 










1 


-13.5 


13.5 












-1.0 


1.0 












-15.0 


15 









1 


-1.1 


1.1 









1 


-16.5 


16.5 




1 








-1.2 


1.2 




1 








-18.0 


18.0 




1 





1 


-1.3 


1.3 




1 





1 


-19.5 


19.5 




1 
1 






1 


-1.4 
-1.5 


1.4 
1.5 




1 

1 






1 


-21.0 
-22.5 


21.0 
22.5 



2.0 DIGITAL INTERFACE 

The architecture of the digital section is shown in the preced- 
ing block diagram. 

The structure of the data registers or latches is shown in Fig- 
ures 10 and 11 for the ML2008 and ML2009, respectively. The 
registers control the attenuation /gain setting bits and with the 
ML2008 the power down bit. 

Tables 1 and 2 describe how the data word programs the gain. 

The difference between the ML2008 and ML2009 is in the 
register structure. The ML2008 is a 8-bit data bus version. This 
device has one 8-bit register and one 2-bit register to store the 
9 gain setting bits and 1 powerdown bit. Two write operations 
are necessary to program the full 10 data bits from eight exter- 
nal data pins. The address pin AO controls which register is 
being written into. The powerdown bit, PDN, causes the 
device to be placed in powerdown. When PDN = 0, the de- 
vice is powered down. In this state, the power consumption 
is reduced by removing power from the analog section and 



forcing the analog output, VquT/ to a high impedance state. 
While the device is in powerdown, the digital section is still 
functional and the current data word remains stored in the 
registers. When PDN = 0, device is in normal operation. 

The ML2009 is a 9-bit data bus version. This device has one 
9-bit register to store the 9 gain setting bits. The full 9 data bits 
can be programmed with one write operation from nine 
external data pins. 

The internal registers or latches are edge triggered. The data is 
transferred from the external pins to the register output on 
the rising edge of WR. The address pin, AO, controls which 
registerjhe data will be written into as shown in Figures 1 and 

2. The CS control signal selects the device_by allowing the 

WR signal to latch in the data only when CS is low. When CS 
is high, WR is inhibited from latching in new data into the 
registers. 
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Figure 10. ML2008 Register Structure 



Figure 11. iytL2009 Register Structure 
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Figure 12. Typical 8-Bit /LtP Interface, Double Write 



Figure 13. Typical 8-Bit jLtP Interface, Single Write 



v/Wo 


— 


ML2009 
CS WR D0-D8 


MP 




t ■ 


^ 


/^ 


p^k. 













9 

















>K/\/\y 



v/\/V< 



V|N VoUT 



D0-D8 WR CS 



W t i 



ViN 



ML2233 
12-BIT 
+ SIGN 
A/D 



^ 



mP 

OR 
DSP 



Figure 14. Typical 16-Bit ^P Interface 



Figure 15. AGC for DSP or Modem Front End 
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Figure 16. Operation as Logarithmic D/A Converter 



Figure 17. Controlling Multiple Gain /Attenuators 



ORDERING INFORMATION 





TEMPERATURE 




PART NUMBER 


RANGE 


PACKAGE 


ML2008IJ 


-40°Cto+85°C 


HERMETIC DIP 


ML2008CP 


0°Cto+70°C 


MOLDED DIP 


ML2008CQ 


0°Cto+70°C 


MOLDED PCC 


ML2009IJ 


-40°Cto+85°C 


HERMETIC DIP 


ML2009CP 


0°Cto+70°C 


MOLDED DIP 


ML2009CQ 


0°Cto+70°C 


MOLDED PCC 
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Telephone Line Equalizer 



GENERAL DESCRIPTION 

The ML2020 is a monolithic analog line equalizer for 
telephone applications. The ML2020 consists of a switched 
capacitor filter that realizes a family of frequency response 
curves optimized for telephone line equalization. 

The ML2020 consists of a continuous anti-aliasing filter, a 
60 Hz rejection highpass filter section, three programmable 
switched capacitor equalization filters, an output smoothing 
filter, a 600Q driver, and a digital section for the serial 
interface. 

The equalization filters adjust the slope, height, and band- 
width of the frequency response. The desired frequency 
response is programmed by a digital 14-bit serial input data 
stream. 

The ML2020 is implemented in a double polysilicon CMOS 
technology. 



FEATURES 

■ Slope, height, and bandv^idth adjustable 

■ 60 Hz rejection filter 

■ On chip anti-alias filter 

■ Bypass mode 

■ Low supply current 6 mA typical from ±5 V supplies 

■ TTL/CMOS compatible interface 

■ Double buffered data latch 

■ Selectable master clock 1.544 or 1.536 MHz 

■ Synchronous or asynchronous data loading capability 

■ Compatible with ML2003 and ML2004 logarithmic 
gain /attenuator 

■ Standard 16-pin 0.3'' center molded or hermetic dip 
and 18-pin SOIC 

■ 0°C to +70°C and -40°C to +85°C operating 
temperature range 



BLOCK DIAGRAM 



PIN CONNECTIONS 
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PIN DESCRIPTION 



NAME 



FUNCTION 



NAME 



FUNCTION 



CLKSEL Clock select input. This pin selects 

the frequency oftheCLK input. If 
CLK is 1.536MHz, set CLKSEL = 1. 
IfCLK is 1.544MHz, set 
CLKSEL = 0. Pin has an internal 
pullup resistor to Vcc- 

SID Serial input data. Digital input that 

contains serial data word which 
controls the filter frequency re- 
sponse setting. 

LATO Output latch clock. Digital input 

which loads the data word back 
into the shift register from the 
latch. 

SCK Shift clock. Digital input which 

shifts the serial data on SID into the 
shift register on rising edges and 
out onto SOD on falling edges. 

SOD Serial output data. Digital output 

of the shift register. 

CLK Master clock input. Digital input 

which generates clocks for the 
switched capacitor filters. Fre- 
quency can be either 1.544MHz 
or 1.536MHz. 



GND 
LATI 


Digital ground. Ovolts. All digital 
inputs and output are referenced 
to this ground. 

Input latch clock. Digital input 
which loads data from the shift 
register into the latch. 


Vss 


Negative supply. -5 volts ±10%. 


V|N 


Analog input. 


AGND 


Analog ground. Ovolts. Analog 
input and output are referenced to 
this ground. 


VOUT 


Analog output. 


Pdn 


Powerdown input. When Pqn = 1/ 
device is in powerdown mode. 
When Pdn = 0/ device is in normal 
operation. This pin has an internal 
pulldown resistor to GND. 


Vcc 


Positive supply. 5 volts ±10% 



ABSOLUTE MAXIMUM RATINGS 

(Note 1) 

Supply Voltage 

Vcc +6.5V 

Vss -6.5V 

AGND with Respect to GND ±0.5 V 

Analog Input and Output Vss -0.3 V to Vcc +0.3 V 

Digital Input and Outputs GND -0.3 V to Vcc +0.3 V 

Input Current Per Pin ±25mA 

Power Dissipation 750 mW 

Storage Temperature Range -65°Cto +150° C 

Lead Temperature (Soldering 10 sec.) 300° C 



OPERATING CONDITIONS 



Temperature Range (Note 2) 

ML2020CP, ML2020CS 0°Cto +70°C 

ML2020IJ -40°Cto +85°C 

Supply Voltage 

Vcc 4Vto6V 

Vss -4Vto-6V 
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ELECTRICAL CHARACTERISTICS 

Unless otherwise specified Ta = Tmin to Tmax/ Vcc = 5 V ± 10%, Vss = 
Rl = 600Q, dBm measurements use 600Q as reference load, V||si= - 
tal time measured at 1.4 V 



= -5V±107o, Data Word: BP=1, Other Bits = 0,CL = 100pF, 
7dBm, 1 kHz sinusoid CLK=1.544MHz ±300Hz and digi- 



SYMBOL 



PARAMETER 



NOTES 



CONDITIONS 



MIN 



TYP 
NOTE 3 



MAX 



UNITS 



ANALOG 



SR 


Response, Slope Section 


4 


1 kHz response 
NL/L S3 S2 


SI 


SO 






















1 






1.4±0.1 


dB 











1 









2.6 ±0.2 


dB 








1 












4.7 ±0.2 


dB 








1 












7.8 ±0.2 


dB 








1 1 


1 


1 






11.4 ±0.25 


dB 








1 












0±0.1 


dB 








1 





1 






0.4 ±0.1 


dB 








1 


1 









0.9 ±0.2 


dB 








1 1 












1.8 ±0.2 


dB 








1 1 
1 1 1 



1 




1 






3.7±0.2 
6.6 ±0.25 


dB 
dB 








Referenced to 





































HR 


Response, Height Section 


4 


3250 Hz respons_e referenced to 1 kHz 
response with BP=1, other bits = 


















NL/L H3 H2 


HI 


HO 





























0±0.1 


dB 














1 






0.6 ±0.2 


dB 











1 









1.2 ±0.2 


dB 








1 












2.4 ±0.2 


dB 








1 












5.8 ±0.3 


dB 








1 1 


1 


1 






11.2 ±0.3 


dB 


BR 


Response, Bandwidth 
Section (Q) 


4 


NL/L B3 B2 B1 BO H3 H2 HI HO 






16.1 ±2.0 





















1 


1 








14.2 ±1.5 










10 










12.6±1.5 










10 










9.1 ±1.0 










10 










3.6 ±0.5 










1111 










1.2 ±0.35 




KK 


BW Peak Frequency 


4 


H3thruH0=l 


3230 


3250 


3270 


Hz 


AG 


Absolute Gain, Flat 
Response 


4 


1 to 4 kHz 






-0.1 


+0.1 


+0.3 


dB 


AGB 


Absolute Gain, Bypass Mode 


4 


0.3to4kHz, BP = 


-0.1 


+0.1 


+0.3 


dB 


ICN 


Idle Channel Noise 


4 


ViN=0 




3 


8 


dBrnc 






V,N = 0, All Data Bits = 1 




9 




dBrnc 
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ELECTRICAL CHARACTERISTICS (Continued) 

Unless Otherwise specified Ta=Tmin to Tmax/Vcc = 5V±107o,Vss=-5V±107o, Data Word: BP=1, Other Blts=0,CL = ^ 
Rl=600Q, dBm measurements use 600Q as reference load, V|n = -7dBm, 1 kHz sinusoid CLK=1.544MHz ±300 Hz and digi- 
tal time measured at 1.4 V 



SYMBOL 


PARAMETER 


NOTES 


CONDITIONS 


MIN 


TYP 
NOTE 4 


MAX 


LIMIT 
UNITS 


ANALOG 


HD 


Harmonic Distortion 


4 


V,N = 5dBm,1kHz 
Measure 2nd, 3rd, harmonic 
relative to fundamental 






-48 


dB 


SD 


Signal to Distortion 


4 


V|N=-12dBm,1kHz 
Cmsg weighted 


+48 






dB 


SFN 


Single Frequency Noise 


5 


V,N=0, 

4kHz<frequency< 150kHz 






-50 


dBm 


PSRR 


Power Supply Rejection 


4 


200mVp.p, 1kHz sine, V,N=0 
on Vcc 
on Vss 






-40 
-40 


dB 
dB 


ZiN 


Input Impedance, V|n 


4 




100 






kQ 


Vos 


Output Offset Voltage 


4 


V,N = 






±50 


mV 


V,NR 


In put Voltage Range 


4 




±2.0 






V 


Vqsw 


Output Voltage Swing 


4 


Rl = 600Q 


±2.0 






V 


DIGITAL AND DC 


V,L 


Digital Input Low Voltage 


4 








0.8 


V 


V,H 


Digital Input High Voltage 


4 




2.0 






V 


Vol 


Digital Output Low Voltage 


4 


loL = 2mA 






0.4 


V 


VOH 


Digital Output High Voltage 


4 


loH==-1mA 


4.0 






V 


'lclk 


Input Current, CLKSEL 


4 


V,N=0 


5 




100 


mA 


•lpdn 


Input Current, RDM 


4 


V,N=Vcc 


-5 




-100 


mA 


II 


Input Current, All Other Inputs 


4 


V,N=0-Vcc 






±10 


mA 


Ice 


Vcc Supply Current 


4 


No output load, V|L = GND, 
V,H=VcoV,N=0 






10 


mA 


Iss 


Vss Supply Current 


4 


No output load, V|l = GND, 
V,H=VcoV,N = 






-10 


mA 


Iccp 


Vcc Supply Current, 
Powerdown Mode 


4 


No output load, V|l=GND, 

V,H=Vcc 






1.2 


mA 


•ssp 


Vss Supply Current, 
Powerdown Mode 


4 


No output load, V,l = GND, 

V,H=Vcc 






-1.2 


mA 


AC CHARACTERISTICS 


tDC 


Clock Duty Cycle 


5 




40 




60 


% 


tsCK 


SCK On/Off Period 


4 




250 






ns 


ts 


SID Data Setup Time 


4 




50 






ns 


tH 


SID Data Hold Time 


4 




50 






ns 


to 


SOD Data Delay 


4 









125 


ns 


t|PW 


LATI Pulse Width 


4 




50 






ns 


topw 


LATO Pulse Width 


4 




50 






ns 


tis,tos 


LATI, LATO Setup Time 


4 




50 






ns 


t|H,toH 


LATI, LATO Hold Time 


5 




50 






ns 


tpLD 


SOD Parallel Load Delay 


4 









125 


ns 



Note 1: Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 

specified are measured with respect to ground. 

Note 2: 0°C to +70°C and -40°C to 4-85°C operating temperature range devices are 100% tested with temperature limits guaranteed by 

100% testing, sampling, or by correlation with worst-case test conditions. 

Note 3: Typicals are parametric norm at 25°C. 

Note 4: Parameter guaranteed and 100% production tested. 

Note 5: Parameter guaranteed. Parameters not 100% tested are not in outgoing quality level calculation. 
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TIMING PARAMETERS ARE REFERENCED TO THE 1.4 VOLT MIDPOINT 



Figure 1. Serial Timing Diagram 
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Figure 2. Typical Slope Filter Response — N L/ L = 

B3-B0, H3-H0 = 0000, S3-S0 = 0000 to 1111. 
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Figure 3. Typical Slope Filter Response — N L/ L = 1 

B3-B0, H3-H0 = 0000, S3-S0 = 0000 to 1111. 
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Figure 4. Typical Height Filter Response — NL/ L = 

B3-B0, S3-S0 = 0000; H3-H0 = 0000 to 1111. 
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Figure 5. Typical Bandwidth Filter Response— NL/ L = 

H3-H0 = 1111; S3-S0 = 0000; B3-B0 = 0000 to 1111. 
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1.0 FUNCTIONAL DESCRIPTION 

The ML2020 consists of a continuous anti-alias filter, a 60 Hz 
reject highpass filter section, three programmable switched 
capacitor equalization filters, an output smoothing filter, an 
output driver, and a digital section for the serial interface. 

1.1 Anti-Alias Filter 

The first section is a continuous anti-alias filter. This filter is 
needed to prevent aliasing of high frequency signals present 
on the input into the passband by the sampling action of the 
switched capacitor filters. This section is a continuous second 
order lowpass filter with a typical 3dB frequency at 20 kHz 
and 30dB of rejection at 124kHz. 

1.2 60 Hz Rejection Filter 

The 60 Hz section is a highpass switched capacitor filter de- 
signed to reject DC offsets and low frequency signals present 
on the input. This filter is a first order section with a typical 
3dB frequency at 135 Hz. 

1.3 Equalization Filters 

The equalizer filters follow the 60 Hz highpass section. These 
programmable filters implement a family of frequency 
response curves intended to compensate for the response of 
telephone lines. 

This filter is composed of three distinct sections: slope, 
height, and bandwidth. 

1.3.1 Response of Slope, Height, and Bandwidth 

The family of response curves generated by the slope section 
are shown in Figures 2 and 3. There are 4 slope select bits, S3- 
SO. These bits alter the slope of the highpass response under 
1000 Hz, and as a result, the absolute gain above 1000 Hz will 
be unique for each setting. Table 1 gives typical 1 kHz gain 
values for all slope settings. 

Table 1. Typ. 1 kHz Gain for Slope Settings 



Slope 
Setting 


Rel 1 kHz Gain (dB) 


NL/L = 1 


NL/L = 



1 


0.0 
0.4 


Rel 
1.4 


2 
3 


0.9 
1.4 


2.6 
3.7 


4 
5 


1.8 
2.3 


4.7 
5.5 


6 

7 


2.8 
3.4 


6.3 

7.2 


8 
9 


3.7 
4.2 


7.8 
8.4 


10 
11 


4.6 
5.0 


9.0 
9.5 


12 
13 


5.4 
5.8 


10.0 
10.5 


14 
15 


6.2 
6.6 


11.0 
11.4 



NT, BWBits=0 



There is an additional bit, NL/L, that also affects the highpass 
response of the slope filter. The slope response curves in 
Figure 2 are with NL/L=0. These same response curves are 
shown in Figure 3 with NL/L = 1. Notice that the NL/L bit 
adds more droop in the highpass response below 2500Hz. 

The family of response curves generated by the height section 
are shown in Figure 4. There are 4 height select bits, H3-H0. 
This section creates a peak in the response at 3250 Hz and 
this filter controls the amount of peaking. Table 2 gives typical 
1 kHz gain values for all height and bandwidth settings. 



Table 2. 


Typ. 1 kHz Gain for HT and BW Settings 


Relative 1kHz Gain (dB) 


HT Setting 



1 

2 
3 

4 
5 

9 

10 
11 

12 
13 

14 
15 





1 


2 


3 


4 5 6 7 8 9 10 11 12 13 14 15 


Rel 















000000000000 
000000 000000 


















000000000000 
000000000000 


















00000000000 0.1 
0.1 0.1 0.1 0.1 


















0.1 0.1 0.1 0.1 0.1 0.1 
0.1 0.1 0.1 0.1 0.1 0.2 0.2 0.2 


















0.1 0.1 0.1 0.1 0.1 0.2 0.2 0.3 0.3 04 
0.1 0.1 0.1 0.1 0.2 0.2 0.3 0.3 0.4 0.5 0.6 















0.1 


0.1 0.1 0.1 0.1 0.2 0.3 0.3 04 0.5 0.6 0.7 0.8 
0.1 0.1 0.2 0.2 0.3 04 04 0.5 0.7 0.8 0.9 1.1 










0.1 
0.1 


0.1 0.1 0.2 0.2 0.3 04 0.5 0.7 0.8 1.0 1.1 14 1.6 
0.1 0.2 0.3 04 0.5 0.6 0.8 0.9 1.1 14 1.6 1.9 2.3 










0.1 
0.1 


0.1 0.2 0.3 04 0.5 0.7 0.8 1.0 1.2 1.5 1.7 2.0 24 
0.1 0.2 0.3 04 0.5 0.7 0.9 1.1 1.3 1.6 1.8 2.1 2.5 



Slope Bits =0 

The family of response curves generated by the bandwidth 
section is shown in Figure 5 There are 4 bandwidth select 
bits, B3-B0. This section causes the response of the 3250 Hz 
peak lo be widened, and as a result, this filter controls the 
bandwidth of the 3250 Hz peaked region. 

1.3.2 Transfer Function 

The transfer function for the ML2020 is shown below. This 
transfer function is valid for magnitude response only. The 
actual magnitude response from an individual device may 
deviate from the computed response from the transfer func- 
tion by typically 0-0.2 dB. 



H(s) ■■ 



. c (s + b) ^^ [s2 + h (coq/Q) s + coq^] ^^ [sin (nf/fc)] 



s + a b (s + c) [s2 + (coq/Q) s + coq^] 



(nf/fc) 



S 

a 

fc 
b,c 

Q 

h 



= jx256000xtan (7rf/128000) 
= 848.230 
= 20463.77 
= 128000 



See Table 3. 
See Table 4. 
See Table 5. 



(slope) 

(bandwidth) 

(height) 
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Table 3. Slope Response Factors (b, c) 
b b 

S3-0 NL/L = NL/L = 1 



0000 


2.371759E+03 


1.116280E+04 


0001 


1.985920E+03 


9.345141 E +03 


0010 


1.701779E+03 


8.007156E+03 


0011 


1. 493571 E +03 


7.026999E+03 


0100 


1.326721E+03 


6.241681E+03 


0101 


1.196668E+03 


5.629636E+03 


0110 


1.087277E+03 


5.114881E+03 


0111 


9.983588E+02 


4.696487E+03 


1000 


9.179889E+02 


4.318339E+03 


1001 


8.537864E+02 


4.016273E+03 


1010 


7.966049E+02 


3.747249E+03 


1011 


7.478074E+02 


3.517676E+03 


1100 


7.035099E+02 


3.309279E+03 


1101 


6.651771E+02 


3.128945E+03 


1110 


6.299477E+02 


2.963214E+03 


1111 


5.990361 E +02 


2.817797E+03 


S3-0 


c 

NL/L = 


c 

NL/L = 1 


xxxx 


2.371759E+03 


1.116280E+04 


Table 4. 


Slope Response Factors (b, c) 


B3-0 


Q 




0000 


17.444906 




0001 


15.386148 




0010 


13.652451 




0011 


11.593677 




0100 


9.859960 




0101 


8.017864 




0110 


6.392453 




0111 


5.092080 




1000 


3.900003 




1001 


3.141338 




1010 


2.599369 




1011 


2.165724 




1100 


1.731965 




1101 


1.406509 




1110 


1.352248 




1111 


1.297981 




Tables. 


Height Response Factors (h) 




Code 


h 




0000 


1.000000 




0001 


1.071519 




0010 


1.148154 




0011 


1.230269 




0100 


1.318257 




0101 


1.445438 




0110 


1.603245 




0111 


1.757924 




1000 


1.949845 




1001 


2.137962 




1010 


2.317395 




1011 


2.540973 




1100 


2.786121 




1101 


3.019951 




1110 


3.311311 




1111 


3.672823 





1.4 Smoothing Filter 

The equalizer filters are followed by a continuous second 
order smoothing filter that removes the high frequency sam- 
ple information generated by the action of the switched ca- 
pacitor filters. This filter provides a continuous analog signal 
at the output, Vqut • 

1.5 Output Buffer 

The final stage in the ML2020 is the output buffer. This ampli- 
fier has internal gain of 1 and is capable of driving 600Q, 
100 pF loads. Thus, it is suitable for dnving telephone hybrids 
directly without any external amplifier. 

1.6 Bypass Mode 

The_fijter sections can be bypassed by setting the bypass data 
bit, BP, to 0. Since the switched capacitor filters are bypassed 
in this mode, frequency response effects of the switched 
capacitor filters are eliminated. Thus, this mode offers very 
flat response and low noise over the 300-4000 Hz frequency 
range. 

1.7 Filter Clock 

The master clock, CLK, is used to generate the internal clocks 
for the switched capacitor filters. The frequency of CLK can 
be either 1.544MHz or 1.536MHz. However, the internal 
clock frequency must be kept at 1.536 MHz to guarantee 
accurate frequency response. The CLKSEL pin enables a bit 
swallower circuit to keep the internal clock frequency set to 
1.536MHz. When 1.544MHz clock is used, CLKSEL should 
be set to logic level 0, and one bit out of every 193 bits is 
removed (swallowed) to reduce the internal frequency to 
1.536MHz. When 1.536MHz clock is used, CLKSEL should 
be set to logic level 1, and the internal clock rate is the same 
as the external clock rate. 

1.8 Serial Interface 

The architecture of the digital section is shown in the preced- 
ing block diagram. 

A timing diagram for the serial interface is shown in Figure 6. 
The serial input data, SID, is loaded into a shift register on 
rising edges of the shift clock, SCK. The data word is parallel 
loaded into a latch when the input latch signal, LATI, is high. 
The LATI pulse must occur when SCK is low. A new data 
word can be loaded into the shift register without disturbing 
the existing data word in the latch. 

The parallel outputs of the latch control the filter response 
curves. The order of the data word bits in the latch is shown 
in Figure 7. 

Note that bit is the first bit of the data word clocked into the 
shift register. 

The device has the capability to read out the data word 
stored in the latch. This is done by parallel loading the data 
from the latch back into the shift register when the latch sig- 
nal, LATO, is high. The LATO pulse must occur when SCK is 
low. Then, the data word can be shifted out of the register 
serially to the output, SOD, on falling edges of the shift clock, 
SCK. 

The loading and reading of the data word can be done con- 
tinuously or in bursts. Since the shift register and latch 
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circuitry inside the device is static, there are no minimum 
frequency requirements on the clocks or data pulses. How- 
ever, there is some coupling of the digital signals into the 
analog section. If this coupling is undesirable, the data can be 
clocked in bursts during non critical intervals, or the data rate 
can be done at a frequency outside the analog frequency 
range. 



The clocks used to shift and latch data (SCK, LATI, LATO) are 
not related internally to the master clock and can occur asyn- 
chronous to CLK. 



" JlJlJlllPU^JlRFUlIlflRi^^ 



■ XXX»XEXEXEXEXEXHXE)©©©©©©CZ)CX 

■ n 



■XXXXXXXXXXXXXXXXXZ)0( 

a) LOAD 



»Jin_JlflRRFlJlFLFlilRI^^ 
-XX)CDOOCXXXXXXX)00000( 



Jl 



»)C>OOCI)<™X^iXEX»X3©(EXS)©©(ZXH)0C)O( 



b) READ 
Figure 6. Serial Timing 
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SLOPE 






BANDWIDTH 






HEIGHT 
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NL/L 


S3 
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BO H3 
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HO 


BP 


13 


12 


11 


10 


9 


8 


7 


6 


5 


4 


3 


2 


1 






- FUNCTION 

- BIT NUMBER 



Figure?. 14- Bit Latch 



POWERDOWN MODE 

A pov^erdown mode can be selected with pin Pdn. When 
Pdn == 1/ the device is powered down. In this state, the power 
consumption is reduced by removing power from the analog 
section and forcing the analog output, VquT/ to a high impe- 
dance state. While the device is in power down mode, the 
digital section is still functional and the current data word 
remains stored in the latch. The master clock, CLK, can be 
left active or removed during powerdown mode. When 
Pdn =0/ the device is in normal operation. 



POWER SUPPLIES 

The digital section inside the device is powered between Vcc 
and GND, or 5 volts. The analog section is powered between 
Vcc snd Vss, or ± 5 volts. The analog section uses AGND as 
the reference point. 

GND and AGND are totally isolated inside the device to 
minimize coupling from the digital section into the analog 
section. Typically this is less than 100 /iV. However, AGND 
and GND should be tied together physically near the device 
and close to the common power supply ground connection. 

The power supply rejection of Vcc ^nd Vss to the analog 
output is greater than - 60dB at 1 kHz, typically. If decou- 
pling of the power supplies is still necessary in a system, Vcc 
and Vss should be decoupled with respect to AGND. 



3-30 



J3^ Micro Linear 



ML2020 



ML2004 
LOG GAIN/ATTEN 



ViN 



VOUT 



5>> (/) -J 



HP 



ML2020 
EQUALIZER 



ViN VoUT J\J\ 



Figure 8. Typical Serial Interface 



ML2020ORML2004 



ML2020ORML2004 



V|N 



VoUT 



Zn (/) 2 (/) 



fjP 



ViN 



VoUT 



5 8 



ML2020ORML2004 



ViN 



VoUT — 



§ ^ I 



-ss- 



Figure 9. Controlling Multiple ML2020 and ML2004 With Only 3 Digital Lines 
Using One Long Data Word 
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ORDERING INFORMATION 



PART NUMBER 


TEMPERATURE 
RANGE 


PACKAGE 


ML2020CP 
ML2020CS 
ML2020IJ 


0°Cto+70°C 
0°Cto+70°C 
-40°Cto+85°C 


MOLDED DIP 
MOLDED SOIC 
HERMETIC DIP 
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Telephone Line Equalizer 



GENERAL DESCRIPTION 

The ML2021 is a monolithic analog line equalizer for 
telephone applications. The ML2021 consists of a 
switched capacitor filter that realizes a family of 
frequency response curves optimized for telephone 
line amplitude equalization while minimizing group 
delay. This ML2021 is the same function as the ML2020 
telephone equalizer without the 60Hz rejection filter. 

The ML2021 consists of a continuous anti-aliasing filter, 
three programmable switched capacitor equalization 
filters, an output smoothing filter, a 600O driver, and a 
digital section for the serial interface. 

The equalization filters adjust the slope, height, and 
band-width of the frequency response. The desired 
frequency response is programmed by a digital 14-bit 
serial input data stream. 

The ML2021 is implemented in a double polysilicon 
CMOS technology. 



FEATURES 

■ Slope, height, and bandwidth adjustable 

■ Optimized group delays (500 Hz to 6.4 kHz) 

■ On chip anti-alias filter 

■ Bypass mode 

■ Low supply current 6mA typical from ±5V supplies 

■ TTL/CMOS compatible Interface 

■ Double buffered data latch 

■ Selectable master clock 1.544 or 1.536 MHz 

■ Synchronous or asynchronous data loading 
capability 

■ Compatible with ML2003 and ML2004 logarithmic 
gain/attenuator 

■ Standard 16-pin 0.3" center molded or hermetic 
DIP and 18-pin SOIC 

■ 0°C to +70°C and -40°C to +85°C operating 
temperature range 



BLOCK DIAGRAM 



PIN CONNECTIONS 



V|N O- 



CLOCK 
GENERATOR 



ANTIALIAS 
LO PASS 



SLOPE 
SECTION 



Vcc AGND Vss 

T r T 



SMOOTHING 
FILTER 




HEIGHT 
SECTION 



Pdn O- 
LATI o- 



BANDPASS 
SECTION 



-^4 



-"4 



VOUT 



14-BIT LATCH 



^14 



14-BIT SHIFT-REGISTER 



ML2021 
16-pin DIP 

CLKSEL [ 1 16 p Vcc 




ML2021 
18-pin SOIC 




NC 
SOD 
CLK 
GND 
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PrN DESCRIPTION 



NAME 



FUNCTION 



NAME 



FUNCTION 



CLKSEL Clock select input. This pin selects 

the frequency of the CLK input. If 
CLK is 1.536MHz, set CLKSEL = 1. 
IfCLK is 1.544MHz, set 
CLKSEL = 0. Pin has an internal 
pullup resistor to Vcc- 
SID Serial input data. Digital input that 

contains serial data word which 
controls the filter frequency re- 
sponse setting. 

LATO Output latch clock. Digital input 

which loads the data word back 
into the shift register from the 
latch. 

SCK Shift clock. Digital input which 

shifts the serial data on SID into the 
shift register on rising edges and 
out onto SOD on falling edges. 

SOD Serial output data. Digital output 

ofthe shift register. 

CLK Master clock input. Digital input 

which generates clocks for the 
switched capacitor filters. Fre- 
quency can be either 1.544MHz 
or 1.536MHz. 



GND 
LATI 


Digital ground. Ovolts. All digital 
inputs and output are referenced 
to this ground. 

Input latch clock. Digital input 
which loads data from the shift 




register into the latch. 


Vss 


Negative supply. -5 volts ±107o. 


V|N 


Analog input. 


AGND 


Analog ground. Ovolts. Analog 
input and output are referenced to 
this ground. 


VOUT 


Analog output. 


Pdn 


Powerdown input. When Pdn = 1/ 
device is in powerdown mode. 
When Pdn = 0/ device is in normal 
operation. This pin has an internal 
pulldown resistor to GND. 


Vcc 


Positive supply. 5 volts ±10% 



ABSOLUTE MAXIMUM RATINGS 

(Note 1) 

Supply Voltage 

Vcc +6.5V 

Vss -6.5V 

AGND with Respect to GND ±0.5 V 

Analog Input and Output Vss -0.3 V to Vcc +0.3 V 

Digital Input and Outputs GND -0.3 V to Vcc +0.3 V 

Input Current Per Pin ±25mA 

Power Dissipation 750mW 

Storage Temperature Range -65°Cto +150° C 

Lead Temperature (Soldering 10 sec.) 300° C 



OPERATING CONDITIONS 



Temperature Range (Note 2) 

ML2021CR ML2021CS n°rtn +70° C 

ML2021IJ -40°Cto +85°C 

Supply Voltage 

Vcc 4 V to 6 V 

Vss -4Vto-6V 
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ELECTRICAL CHARACTERISTICS 

Unless otherwise specified Ta=Tmin toTMAXr Vcc = 5V±10%, Vss= -5V ±107o, Data Word: BP=1, Other Bits=0, CL = 100pF, 
Rl = 600Q, dBm measurements use 600Q as reference load, V|n = -7dBm, 1 kHz sinusoid CLK = 1.544MHz ±300Hz and digi- 
tal time measured at 1.4V 



SYMBOL 



PARAMETER 



NOTES 



CONDITIONS 



MIN 



TYP 
NOTE 3 



MAX 



ANALOG 



UNITS 



SR 


Response, Slope Section 


4 


1 kHz response 
NL/L S3 S2 SI SO 

1 
10 
10 
10 

1111 

1 
1 1 
1 10 
1 10 
1 10 

1 1111 

Referenced to 








1.4±0.1 

2.6 ±0.2 

4.7 ±0.2 

7.8 ±0.2 
11.4±0.25 

0±0.1 
0.4±0.1 
0.9 ±0.2 
1.8 ±0.2 
3.7±0.2 
6.6 ±0.25 


dB 
dB 
dB 
dB 
dB 
dB 
dB 
dB 
dB 
dB 
dB 


HR 


Response, Height Section 


4 


3250 Hz response referenced to 1 kHz 
response with BP=1, other bits=0 
NL/L H3 H2 HI HO 


1 
10 
10 
10 
1111 






+ 0.1 
0.5 ± 0.2 
1.1 ± 0.2 
2.3 ± 0.2 
5.7 ± 0.3 
11.1 ± 0.3 


dB 
dB 
dB 
dB 
dB 
dB 


BR 


Response, Bandwidth 
Section (Q) 


4 


NL/L B3 B2 Bl BO H3 H2 HI HO 

1111 
11111 
10 1111 
10 1111 
10 1111 
11111111 




■ 


16.1 ±2.0 

14.2 ±1.5 
12.6±1.5 
9.1 ±1.0 
3.6±0.5 
1.2 ±0.35 




PK 


BW Peak Frequency 


4 


H3thruH0 = 1 


3230 


3250 


3270 


Hz 


AG 


Absolute Gam, Flat 
Response 


4 


.5 to 4kHz 


-0.1 


+0.1 


+0.3 


dB 


AGB 


Absolute Gain, Bypass Mode 


4 


0.3to4kHz, BP = 


-0.1 


+0.1 


+0.3 


dB 


ICN 


Idle Channel Noise 


4 


V|N=0 




3 


8 


dBrnc 






V|N=0, all data bits = 1 




9 




dBrnc 
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ELECTRICAL CHARACTERISTICS (Continued) 

Unless otheiwise specified Ta=Tmin to TmaX/Vcc = 5V±107o,Vss=-5V±107o, Data Word: BP=1, Other Bits-0,CL=100pF, 
Rl = 600Q, dBm measurements use 6(X)Q as reference load, V|n = -7dBm, 1 kHz sinusoid CLK=1.544MHz ±300 Hz and digi- 
tal time measured at 1.4 V 



SYMBOL 


PARAMETER 


NOTES 


CONDITIONS 


MIN 


TYP 
NOTE 3 


MAX 


LIMIT 
UNITS 


ANALOG 


HD 


Harmonic Distortion 


4 


V|N = 5dBm,1kHz 
Measure 2nd, 3rd, harmonic 
relative to fundamental 






-48 


dB 


SD 


Signal to Distortion 


4 


V|N=-12dBm,1kHz 
C msg weighted 


+48 






dB 


SFN 


Single Frequency Noise 


5 


V,N=0, 

4kHz<frequency<150kHz 






-50 


dBm 


PSRR 


Power Supply Rejection 


4 


200mVp.p, 1kHz sine, V,N = 
on Vcc 
on Vss 






-40 
-40 


dB 
dB 


Z,N 


Input Impedance, Vim 


4 




100 






kQ 


Vos 


Output Offset Voltage 


4 


V,N = 






±50 


mV 


V|NR 


Input Voltage Range 


4 




±2.0 






V 


Vosw 


Output Voltage Swing 


^_ 4 


Rl = 600Q 


±2.0 






V 


DIGITAL AND DC 


V,L 


Digital Input Low Voltage 


4 








0.8 


V 


V,H 


Digital Input High Voltage 


4 




2.0 






V 


Vol 


Digital Output Low Voltage 


4 


loL = 2mA 






0.4 


V 


VOH 


Digital Output High Voltage 


4 


loH=-1mA 


4.0 






V 


Ilclk 


Input Current, CLKSEL 


4 


V,N = 


5 




100 


mA 


'lpdn 


Input Current, PDN 


4 


V,N=Vcc 


-5 




-100 


mA 


II 


Input Current, All Other Inputs 


4 


V,N = to Vcc 






±10 


M 


Ice 


Vcc Supply Current 


4 


No output load, V|l = GND, 
V,H=VcoV,N = 






10 


mA 


Iss 


Vss Supply Current 


4 


No output load, V,L = GND, 






-10 


mA 


'ccp 


Vcc Supply Current, 
Powerdown Mode 


4 


No output load, V|L = GND, 
V,H=Vrr 






1.2 


mA 


■ssp 


Vss Supply Current, 
Powerdown Mode 


4 


No output load, V|l = GND, 
V,H=Vcc 






-1.2 


mA 


AC CHARACTERISTICS 


toe 


Clock Duty Cycle 


5 




40 




60 


% 


tsCK 


SCK On /Off Period 


4 




250 






ns 


ts 


SID Data Setup Time 


4 




50 






ns 


tH 


SID Data Hold Time 


4 




50 






ns 


to 


SOD Data Delay 


4 









125 


ns 


t|PW 


LATI Pulse Width 


4 




50 






ns 


topw 


LATO Pulse Width 


4 




50 






ns 


tis,tos 


LATI, LATO Setup Time 


4 




50 






ns 


t|H,tOH 


LATI, LATO Hold Time 


5 




50 






ns 


tpLD 


SOD Parallel Load Delay 


4 









125 


ns 



Note 1: Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 

specified are measured with respect to ground. 

Note 2: 0°C to +70°C and -40°C to +85°C operating temperature range devices are 100% tested with temperature limits guaranteed by 

100% testing, sampling, or by correlation with worst-case test conditions. 

Note 3: Typicals are parametric norm at 25°C. 

Note 4: Parameter guaranteed and 100% production tested. 

Note 5: Parameter guaranteed. Parameters not 100% tested are not in outgoing quality level calculation. 
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TIMING PARAMETERS ARE REFERENCED TO THE 1.4 VOLT MIDPOINT 



Figure 1. Serial Tinning Diagram 
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Figure 2. Typical Slope Filter Response — N L/ L = 

B3-B0, H3-H0 = 0000, S3-S0 = 0000 to 1111. 
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Figure 3. Typical Slope Filter Response — NL/ L = 1 

B3-B0, H3-H0 = 0000, S3-S0 = 0000 to 1111. 
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Figure 4. Typical Height Filter Response — N L/ L = 

B3-B0. S3-S0 = 0000: H3-H0 = 0000 to 1111. 
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Figure 5. Typical Bandwidth Filter Response— NL/ L = 

H3-H0 = 1111; S3-S0 = 0000; B3-B0 = 0000 to 1111. 
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1.0 FUNCTIONAL DESCRIPTION 

The ML2021 consists of a continuous anti-alias filter, 
three programmable switched capacitor equalization 
filters, an output smoothing filter, an output driver, and 
a digital section for the serial interface. 

1.1 ANTI-ALIAS FILTER 

The first section is a continuous anti-alias filter. This filter is 
needed to prevent aliasing of high frequency signals present 
on the input into the passband by the sampling action of the 
switched capacitor filters. This section is a continuous second 
order lowpass filter with a typical 3 dB frequency at 20 kHz 
and 30dB of rejection at 124kHz. 

1.2 EQUALIZATION FILTERS 

The programmable filters implement a family of 
frequency response curves intended to compensate for 
the response of telephone lines. 

This filter is composed of three distinct sections: slope, 
height, and bandwidth. 

1.2.1 RESPONSE OF SLOPE, HEIGHT, AND 
BANDWIDTH 

The family of response curves generated by the slope section 
are shown in Figures 2 and 3. There are 4 slope select bits, 53- 
SO. These bits alter the slope of the highpass response under 
1000 Hz, and as a result, the absolute gain above 1000 Hz will 
be unique for each setting. Table 1 gives typical 1 kHz gain 
values for all slope settings. 

Table 1. Typ. 1 kHz Gain for Slope Settings 



Slope 
Setting 


Rel 1kHz Gain (dB) 


NL/L = 1 


NL/L = 




1 


0.0 
0.4 


Rel 
1.4 


2 
3 


0.9 

1.4 


2.6 
3.7 


4 
5 


1.8 
2.3 


4.7 
5.5 


6 

7 


2.8 

3.4 


6.3 

7.2 


8 
9 


3.7 
4.2 


7.8 
8.4 


10 
11 


4.6 
5.0 


9.0 
9.5 


12 
13 


5.4 
5.8 


10.0 
10.5 


14 
15 


6.2 
6.6 


11.0 
11.4 



HXBWBits=0 



There is an additional bit, NL/L, that also affects the highpass 
response of the slope filter. The slope response curves in 
Figure 2 are with NL/L=0. These same response curves are 
shown in Figure 3 with NL/L=1. Notice that the NL/L bit 
adds more droop in the highpass response below 2500 Hz. 

The family of response curves generated by the height section 
are shown in Figure 4. There are 4 height select bits, H3-H0. 
This section creates a peak in the response at 3250 Hz and 
this filter controls the amount of peaking. Table 2 gives typical 
1 kHz gain values for all height and bandwidth settings. 

Table 2. Typ. 1 kHz Gain for HT and BW Settings 



Relative 1kHz Gain (dB) 


HT Setting 



1 

2 
3 

4 
5 

is 

9 

10 
11 

12 
13 

14 
15 





1 


2 


3 


4 5 6 7 8 9 10 11 12 13 14 15 


Rel 















000000000000 
000000000000 


















000000000000 
000000000000 


















00000000000 0.1 
0.1 0.1 0.1 0.1 


















0.1 0.1 0.1 0.1 0.1 0.1 
0.1 0.1 0.1 0.1 0.1 0.2 0.2 0.2 


















0.1 0.1 0.1 0.1 0.1 0.2 0.2 0.3 0.3 04 
0.1 0.1 0.1 0.1 0.2 0.2 0.3 0.3 04 0.5 0.6 















0.1 


0.1 0.1 0.1 0.1 0.2 0.3 0.3 04 0.5 0.6 0.7 0.8 
0.1 0.1 0.2 0.2 0.3 04 04 0.5 0.7 0.8 0.9 1.1 










0.1 
0.1 


0.1 0.1 0.2 0.2 0.3 04 0.5 0.7 0.8 1.0 1.1 14 1.6 
0.1 0.2 0.3 04 0.5 0.6 0.8 0.9 1.1 14 1.6 1.9 2.3 










0.1 
0.1 


0.1 0.2 0.3 04 0.5 0.7 0.8 1.0 1.2 1.5 1.7 2.0 24 
0.1 0.2 0.3 0.4 0.5 0.7 0.9 1.1 1.3 1.6 1.8 2.1 2.5 



Slope Bits =0 

The family of response curves generated by the bandwidth 
section is shown in Figure 5 There are 4 bandwidth select 
bits, B3-B0. This section causes the response of the 3250 Hz 
peak to be widened, and as a result, this filter controls the 
bandwidth of the 3250 Hz peaked region. 

1.2.2 TRANSFER FUNCTION 

The transfer function for the ML2021 is shown below. 
This transfer function is valid for magnitude response 
only. The actual magnitude response from an individual 
device may deviate from the computed response from 
the transfer function by typically 0-0.2dB. 

H (s) = *^(s +'^) X [s^ + ^ K/Q) s + coq^] ^ [sin (nf/fc)] 
° b (s + c) [s2 + (wo/Q) s + coo2] (nf/fc) 



s = jx256000xtan(7if/128000) 



CUo 

fc 


= 20463.77 
= 128000 


b,c 

Q 

h 


: See Table 3 
: See Table 4 
: See Table 5 



(slope) 

(bandwidth) 

(height) 
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Table 3. Slope Response Factors (b, c) 
b b 

S3-0 NL/L = NL/L = 1 



0000 


2.371759E+03 


1.116280E+04 


0001 


1.985920E+03 


9.345141 E +03. 


0010 


1.701779E+03 


8.007156E+03 


0011 


1. 493571 E +03 


7.026999E+03 


0100 


1. 326721 E +03 


6.241681 E +03 


0101 


1.196668E+03 


5.629636E+03 


Olio 


1.087277E+03 


5.114881E+03 


0111 


9.983588E+02 


4.696487E+03 


1000 


9.179889E+02 


4.318339E+03 


1001 


8.537864E+02 


4.016273E+03 


1010 


7.966049E+02 


3.747249E+03 


1011 


7.478074E+02 


3.517676E+03 


1100 


7.035099E+02 


3.309279E+03 


1101 


6.651 771 E +02 


3.128945E+03 


1110 


6.299477E+02 


2.963214E+03 


1111 


5.990361 E +02 


2.817797E+03 


S3-0 


c 

NL/L = 


c 
NL/L = 1 


xxxx 


2.371759E+03 


1.116280E+04 


Table 4. 


Slope Response Factors (b, c 


) 


B3-0 


Q 




0000 


17.444906 




0001 


15.386148 




0010 


13.652451 




0011 


11.593677 




0100 


9.859960 




0101 


8.017864 




Olio 


6.392453 




0111 


5.092080 




1000 


3.900003 




1001 


3.141338 




1010 


2.599369 




1011 


2.165724 




1100 


1.731965 




1101 


1.406509 




1110 


1.352248 




1111 


1.297981 




Tables. 


Height Response Factors (h) 




Code 


h 




0000 


1.000000 




0001 


1.071519 




0010 


1.148154 




0011 


1.230269 




0100 


1.318257 




0101 


1.445438 




0110 


1.603245 




0111 


1.757924 




1000 


1.949845 




1001 


2.137962 




1010 


2.317395 




1011 


2.540973 




1100 


2.786121 




1101 


3.019951 




1110 


3.311311 




1111 


3.672823 





1.2.3 GROUP DELAY 

The difference between the ML2020 and ML2021 is the 
elimination of a 60Hz highpass filter in order to 
eliminate positive group delay at low frequency. 

The group delay through the ML2021 can be minimized 
such that less than 50//s of group delay can be 
achieved in both unloaded and cable loaded conditions 
relative to 1804Hz in the frequency range of 504 to 
3004Hz. Minimum group delays are dependent upon 
using the proper setting for slope, height, and 
bandwidth for a give equalization requirement. 

1.3 SMOOTHING FILTER 

The equalizer filters are followed by a continuous second 
order smoothing filter that removes the high frequency sam- 
ple information generated by the action of the switched ca- 
pacitor filters. This filter provides a continuous analog signal 
at the output, Vqut • 

1.4 OUTPUT BUFFER 

The final stage in the ML2020 is the output buffer. This ampli- 
fier has internal gain of 1 and is capable of driving 600Q, 
100 pF loads. Thus, it is suitable for driving telephone hybrids 
directly without any external amplifier. 

1.5 BYPASS MODE 

The fi[ter sections can be bypassed hy setting the bypass data 
bit, BP, to 0. Since the switched capacitor filters are bypassed 
in this mode, frequency response effects of the switched 
capacitor filters are eliminated. Thus, this mode offers very 
flat response and low noise over the 300-4000 Hz frequency 
range. 

1.6 FILTER CLOCK 

The master clock, CLK, is used to generate the internal clocks 
for the switched capacitor filters. The frequency of CLK can 
be either 1.544MHz or 1.536MHz. However, the internal 
clockfrequency must be kept at 1.536MHz to guarantee 
accurate frequency response. The CLKSEL pin enables a bit 
svvallovver circuit to Keep ti iS internal CiOck irequency set to 
1.536MHz. When 1.544MHz clock is used, CLKSEL should 
be set to logic level 0, and one bit out of every 193 bits is 
removed (swallowed) to reduce the internal frequency to 
1.536MHz. When 1.536MHz clock is used, CLKSEL should 
be set to logic level 1, and the internal clock rate is the same 
as the external clock rate. 

1.7 SERIAL INTERFACE 

The architecture of the digital section is shown in the preced- 
ing block diagram. 

A timing diagram for the serial interface is shown in Figure 6. 
The serial input data, SID, is loaded into a shift register on 
rising edges of the shift clock, SCK. The data word is parallel 
loaded into a latch when the input latch signal, LATI, is high. 
The LATI pulse must occur when SCK is low. A new data 
word can be loaded into the shift register without disturbing 
the existing data word in the latch. 

The parallel outputs of the latch control the filter response 
curves. The order of the data word bits in the latch is shown 
in Figure 7. 
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Note that bit is the first bit of the data word clocked into the 
shift register. 

The device has the capability to read out the data word 
stored in the latch. This is done by parallel loading the data 
from the latch back into the shift register when the latch sig- 
nal, LATO, is high. The LATO pulse must occur when SCK is 
low. Then, the data word can be shifted out of the register 
serially to the output, SOD, on falling edges of the shift clock, 
SCK. 

The loading and readingofthedata word can be done con- 
tinuously or in bursts. Since the shift register and latch 



circuitry inside the device is static, there are no minimum 
frequency requirements on the clocks or data pulses. How- 
ever, there IS some coupling of the digital signals into the 
analog section. If this coupling is undesirable, the data can be 
clocked in bursts during non critical intervals, or the data rate 
can be done at a frequency outside the analog frequency 
range. 

The clocks used to shift and latch data (SCK, LATI, LATO) are 
not related internally to the master clock and can occur asyn- 
chronous to CLK. 



nnnnnnRRRRRnRRFiR nn 

'XX3®©©©<EXHXHXH)©(EXiXE)©B(:Z>0( 

■ n 



»)OOOOOOOOOOOOOOOOCDO( 

a) LOAD 

" RR RRRRRRRRRRRRRRRn 
-)O0CZ3OO0OO0OO0OO0OOO< 



n 



■)C>C)<XZX~XE©(EXHXE>(EXEXEXEXEXE)©GO( 



b) READ 
Figure 6. Serial Timing 



BANDWIDTH 



' — — ^ 


S3 


S2 


SI 


so 


B3 


82 


81 


80 


H3 


H2 


HI 


HO 


8P 




NL/L 




13 


12 


11 


10 


9 


8 


7 


6 


5 


4 


3 


2 


1 










FUNCTION 
BIT NUMBER 



Figure?. 14- Bit Latch 
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1.8 POWERDOWN MODE 

A powerdown mode can be selected with pin PpN. When 
Pdn = 1/ the device is powered down. In this state, the power 
consumption is reduced by removing power from the analog 
section and forcing the analog output, Vqut/ to a high impe- 
dance state. While the device is in power down mode, the 
digital section is still functional and the current data word 
remains stored in the latch. The master clock, CLK, can be 
left active or removed during powerdown mode. When 
Pdn = 0/ the device is in normal operation. 



1.9 POWER SUPPLIES 

The digital section inside the device is powered between Vcc 
and GND, or 5 volts. The analog section is powered between 
Vcc snd Vss/ or ± 5 volts. The analog section uses AGND as 
the reference point. 

GND and AGND are totally isolated inside the device to 
minimize coupling from the digital section into the analog 
section. Typically this is less than 100 /iV. However, AGND 
and GND should be tied together physically near the device 
and close to the common power supply ground connection. 

The power supply rejection of Vcc ^nd Vss to the analog 
output is greater than -60dB at 1 kHz, typically. If decou- 
pling of the power supplies is still necessary in a system, Vcc 
and Vss should be decoupled with respect to AGND. 



2.0 APPLICATIONS 



ML2004 
LOG GAIN/ATTEN 




-7W 



Figure 8. Typical Serial Interface 



ML2021 OR ML2004 



ML2021 OR ML2004 



ML2021 OR ML2004 



V|N 



VOUT 



s g § 



ViN 



VoUT 



9 u ^ 



VoUT 



9 g § 

</5 I/) -J 



-S3- 



Figure 9. Controlling Multiple ML2021 and ML2004 With Only 3 Digital Lines 
Using One Long Data Word 
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ORDERING INFORMATION 



PART NUMBER 


TEMPERATURE 
RANGE 


PACKAGE 


ML2021CP 
ML2021CS 
ML2021IJ 


0°C to +70°C 
0°C to +70° 
-40°C to +85°C 


MOLDED DIP 
MOLDED SOIC 
HERMETIC DIP 
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GENERAL DESCRIPTION 

The ML2031 and ML2032 are monolithic tone detectors 
intended for telecommunication applications utilizing 4- 
wire loopback capability. The device meets or exceeds 
the 4-wire Maintenance Terminating Unit (MTU) 
requirements outlined in BELL PUB 43004. 

These devices incorporate a 2713 Hz tone detector, clock 
oscillator, and uncommitted op amp in an 8-pin DIP. No 
external components are required. 

The ML2031 or ML2032 can be used to detect frequencies of 
1004 Hz or 2600 Hz, as the tone detector frequency template 
from 1000 Hz to 4000 Hz is proportional to the frequency of 
the external clock. 

The ML2031 has two clock outputs. CLKqut^ 's one half the 
frequency of CLKin, v^hile CLKout2 is one eighth of the 
frequency of CLKin. The ML2032 has an uncommitted op 
amp instead of the clock outputs. 

The ML2031 and ML2032 are implemented in a double 
polysilicon CMOS technology. 



FEATURES 

■ Meets or exceeds BELL PUB 43004 requirements 

■ Extended dynamic range detect -34dBm to +6dBm 

no detect < -40dBm 

■ Frequency template (fciK in = 12MHz) 

detect 2713 + 10Hz 
no detect 2713 + 36Hz 

■ General purpose tone detect range of 1000Hz to 
4000Hz 

■ Signal-to-guard ratio 8dB to 13dB 

■ No external components required 

■ Continuous anti-alias filter 

■ 60 Hz reject filter 

■ ±5 V supplies 

■ Clock input 12.352 MHz, 1.544MHz, 

or a 12.352 MHz crystal 

■ ML2031 has clock outputs of 1.544MHz and 
6.176MHz 

■ Tone detection of 1000 Hz to 4000 Hz proportional 
to external clock 

■ ML2032 has uncommitted op amp 

■ 8-pin dual-in-line package 



BLOCK DIAGRAMS 



ML2031 



ML2032 



\rr CNin 



I I I 





j REFERENCE j 
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Vtone 


3NE 


PEAK 
DETECT 




*^/^ 









2713 Hz ^^ 

BANDPASS 
AND 
NOTCH 

NOTCH 




Lqis" 



I I I 





j REFERENCE j 
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■^sTONE 


TONE 


PEAK 
DETECT 




■^^/^ 


















MHz 
REJECT 




2713 Hz ^^ 
BANDPASS 
AND 
NOTCH 

NOTCH 



Lqis- 



GAINL^ GUARD 
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PIN CONNECTIONS 



ML2031 



vss[ 


1 


TIT 


8 


] V|N + 


CLKoUTl [ 


2 




7 


] Vcc 


CLKOUT2 [ 


3 




6 


]gnd 


TDET [ 


4 




5 


] CLKiN 




PIN DESCRIPTIONS 



ML2031 
PIN NO. NAME 



FUNCTION 



ML2032 
PIN NO. NAME 



Vss 
CLKqutI 

CLKout2 

TDET 



CLK|N 



GND 



Vcc 

VlN + 



Negative supply. - 5 V ± 10% 

Clock output. Digital output from 

oscillator divided by 2. 

Clock output. Digital output from 

oscillator divided by 8. 

Tone detect output. Digital output 

which indicates when valid 

2713 Hz tone is present on analog 

input. 

Clock input. Internal clock can be 

generated by tying a 12.352 MHz 

crystal between this pin and GND, 

or by applying a 12.352 MHz or 

1.544MHz clock to this pin. 

Ground. Analog and digital inputs 

and outputs are referenced to this 

point. 

Positive supply. +5 V ± 10% 

Analog input. 



FUNCTION 



1 V|N + Positive Analog input. Positive 

input to the uncommitted op amp. 

2 V|N - Negative Analog input. Negative 

input to the uncommitted op amp. 

3 Vss Negative supply. - 5 V ± 10% 

4 TDET Tone detect output. Digital output 

which indicates when valid 
2713 Hz tone is present on analog 
input. 

5 CLKiisi Clock input. Internal clock can be 

generated by tying a 12.352 MHz 
crystal between this pin and GND, 
or by applying a 12.352 MHz or 
1.544MHz clock to this pin. 

6 GND Ground. Analog and digital inputs 

and outputs are referenced to this 
point. 

7 Vcc Positive supply. +5 V± 10% 

8 Vqut Analog output. Output of the 

uncommitted op amp. 
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ABSOLUTE MAXIMUM RATINGS 

(Note 1) 

Supply Voltage 

Vcc +6.5V 

Vss -6.5V 

Analog Input and Output Vss -0.3 V to Vcc +0.3 V 

Digital Input and Outputs -0.3 V to Vcc +0.3 V 

Input Current Per Pin ±25mA 

Power Dissipation 750 mW 

Storage Temperature Range -65°Cto +150° C 

Lead Temperature (Soldering 10 sec.) 300° C 



OPERATING CONDITIONS 



Temperature Range (Note 2) 

ML2031CP, ML2032CP 0°Cto +70°C 

ML2031IJ, ML2032IJ -40°Cto +85°C 

Supply Voltage 

Vcc 4Vto 6V 

Vss -4Vto-6V 



ELECTRICAL CHARACTERISTICS 

Unless otherwise specified Ta=Tmin to Tmax/ Vcc = 5 V ± 10%, Vss= - 5 V ± 10%, CLK|n = 12.352MHz ± 
CLK|N = 1.544MHz ±150 Hz, Q^IOOpF, dBm measurements use 600Q as reference load, uncommitted 
configuration. 



: 1200 Hz, or 

op amp in unity gain 



SYMBOL 



PARAMETER 



NOTES 



CONDITIONS 



MIN 



TYP 
NOTE : 



MAX 



UNITS 



TONE DETECT 



flD 


Tone Detection Frequency 


4 


V|N = +6dBm to -34dBm 


2703 




2723 


Hz 


flR 


Tone Rejection Frequency 


4 




2679 




2747 


Hz 


Atd 


Tone Detection Amplitude 


4 


V|N = 2703 Hz to 2723 Hz 


-34 




+6 


dBm 


Atr 


Tone Rejection Amplitude 


4 




-40 






dBm 


SGM 


Signal to Guard Margin 


4 


800 Hz 

140G Hz 

2000 Hz 

2450 Hz 

Signal = -13 dBm, 2713 Hz. 

See BELL PUB 43004 sec. 2.4 

for test method 


8 
8 
8 
8 




13 
13 
13 
13 


dB 
dB 
dB 
dB 


SFI 


SF Tone Immunity 


5 


V|N + = 2600 Hz 
No tone detect 






+6 


dBm 


tjD 


Tone Detect Delay 


4 


V|N+ = -8dBm, 2713 Hz 
Figure 1 





10 


30 


ms 


tTR 


Tone Removal Delay 


4 


V|N+ = -8dBm, 2713 Hz 
Figure 1 . 





4 


30 


ms 



OP AMP 



V,NR 


Input Voltage Range 


5 




±3 






V 


Vqsw 


Output Voltage Swing 


4 


ML2032 Only 


+3 






V 


Vos 


Input Offset Voltage 


4 


ML2032 Only 






±20 


mV 


Z|N 


Input Impedance 


4 




1 






MQ 


AvOL 


DC Open Loop Gain 


4 




Ik 


5k 




v/v 


fuG 


Unity Gain Frequency 


5 




0.5 


1 




MHz 


'CN 


Noise- 
Input Referred 


5 


C msg weighted 
1kHz 




-9 


-3 

375 


dBrnc 
nv/x/iHz 
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ELECTRICAL CHARACTERISTICS (Continued) 

Unless otherwise specified Ta=Tmin toTMAX, Vcc=5V±107o, Vss= -5V±107o, CLK|n = 12.352 MHz ±1200 Hz, or 

CLK|N = 1.544MHz ±150 Hz, Cl = 100pF, dBm measurements use 600Q as reference load, uncommitted op amp in unity gain 

configuration. 



SYMBOL 


PARAMETER 


NOTES 


CONDITIONS 


MIN 


TYP 
NOTE 3 


MAX 


UNITS 


DIGITAL AND DC 


V,L 


Input Low Voltage, CLK|n 


4 








1.5 


V 


V,H 


Input High Voltage, CLK|n 


4 




3.5 






V 


l|N 


Input Current, CLKi^ 


4 


CLKin = 1.5V to 3.5V 




10 


60 


M 




CLKin = to 1.5V; 3.5V to Vcc 




150 


500 


M 


C|N 


Input Capacitance, CLK|n 


5 






11 




PF 


Vol 


Output Low Voltage 


4 


Iql = -2mA 






0.4 


V 


VoH 


Output High Voltage 


4 


Iqh = 2mA 


4.0 






V 


Ice 


Vcc Supply Current 


4 


No output load 






7.5 


mA 


'ss 


Vss Supply Current 


4 


No output load 






-4.5 


mA 


CLOCK OUTPUT 


fcLKl 


CLKqujI Output Frequency 


4 


Figure 2 


1/2 




1/2 


fcLKl 


fcLK2 


CLKout2 Output Frequency 


4 


Figure 2 


1/8 




1/8 


fcLKl 


tiR 


CLKqutI Output Rise Time 


4 


Figure 2, Cl = 50pF 







20 


ns 


tiF 


CLKqutI Output Fall Time 


4 


Figure 2, Cl = 50pF 







20 


ns 


t2R 


CLKout2 Output Rise Time 


4 


Figure 2, Cl = 50pF 







20 


ns 


t2F 


CLKout2 Output Fall Time 


4 


Figure 2, Cl = 50pF 







20 


ns 



Note 1: Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 

specified are measured with respect to ground. 

Note 2: 0°C to +70°C and -40°C to +85°C operating temperature range devices are 100% tested with temperature limits guaranteed by 

100% testing, sampling, or by correlation with worst-case test conditions. 

Note 3: Typicals are parametric norm at 25°C. 

Note 4: Parameter guaranteed and 100% production tested. 

Note 5: Parameter guaranteed. Parameters not 100% tested are not in outgoing quality level calculation. 
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TIMING DIAGRAMS 



V|N + 



h-tTD-*] 



H^tTR-^ 



f 



tTD MEASURED FROM Vin + ZERO CROSSING TO 1.4V MIDPOINT ON TDET 
tTR MEASURED FROM 1.4 V MIDPOINT ON TDET TO ZERO CROSSING ON V|n + 

Figure 1. Tone Detect Timing 



CLKiN 



CLKoutI 



CLKout2 




tiF, tiR, t2F, t2R MEASURED BETWEEN 0.8 and 2.0 VOLT TRANSITION POINTS 
ALL OTHER PARAMETERS REFERRED TO 1.4 V MIDPOINT 



Figure 2. Digital Clock Output Timing 



TYPICAL PERFORMANCE CURVE 



Z 



U 



200 
150 
100 
50 



- -100 



-150 
-200 













Vcc = 


= 5V 






/ 


Ta = 


25°C 






/ 










Y 


y 










/ 










/ 










f 











2 3 

INPUT VOLTAGE (V) 



Figure 3. CLKim Input Current vs. Input Voltage 
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1.0 FUNCTIONAL DESCRIPTION 

The ML2031 has a divide by 2 and divide by 8 clock output to 
drive external devices. The ML2032 has an uncommitted op 
amp. Refer to the block diagram. 

1.1 Uncommitted Op Amp 

The ML2032 features an uncommitted op amp. The ML2031 
has the op amp connected in the unity gain configuration 
(V|isi - internally tied to Vqut)- 

The uncommitted op amp is a general purpose amplifier that 
can be used to interface the device with the analog tele- 
phone line. It has a high impedance input, a 0.5MHz unity 
gain bandwidth, will drive a 1 k, 100 pF load, and the input 
and output can swing within 1.5 V of the supplies. 

1.2 Anti-Alias Filter 

The anti-alias filter is a continuous second order low pass 
designed to prevent high frequency signals at the input from 
being aliased into the passband by the sampling action of the 
switched capacitor filters. The typical 3dB corner frequency 
is 25 kHz and the typical rejection at 124 kHz is -30dB. 

1.3 60 Hz Reject Filter 

The 60 Hz reject filter is a switched, capacitor second order 
high pass designed to reject 60 Hz line interference on the 
analog input. The typical 3dB corner frequency is 300 Hz 
and the typical rejection at 60 Hz is -24dB. 

1.4 Tone Detector 

The tone detector is a monolithic block designed to indicate 
when a valid 2713 Hz tone is present on the analog input. A 
tone is valid if the following criteria are met: 

1. 2713 Hz tone satisfies amplitude vs. frequency tone 
detector template shown in Figure 4. 

2. The non-2713 Hz out of band energy present on the 
input is sufficiently small enough compared to the 
2713 Hz tone (signal to guard margin). 

The tone detector consists of 2713 Hz bandpass and notch 
filters, tone and guard peak detectors, tone and guard 
comparators, reference, and digital output buffer. 

The analog signal first goes through the 2713 Hz bandpass 
and notch switched capacitor filters. The bandpass filter 
outputs any 2713 Hz signal (tone), and the notch filter outputs 
any non-2713 Hz signals (guard) in the range of 300-4500 Hz, 
respectively. 



2747 

P 

2723 E^ 





BELL PUB 
43004 



m 
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m 
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1^ N^ ML2032 



I 



11 



The tone and guard signals then go to peak detectors which 
output a DC voltage proportional to the 2713 Hz and non- 
2713 Hz energy present on the analog input. 

The tone comparator compares the tone energy to a fixed 
reference value to determine if it meets the amplitude 
requirements for tone detection shown in Figure 4. 

The guard comparator compares the tone energy to the 
guard energy to determine if the signal to guard margin is 
met. 

If both comparators indicate that a 2713 Hz tone and no out 
of band energy exists, the TDET output goes high indicating 
valid tone detection. If the signal comparator indicates insuffi- 
cient signal energy or the guard comparator indicates too 
much out of band energy, then the TDET output stays low 
indicating invalid tone output. 

1.5 Crystal Oscillator/Clock Generator 

The crystal oscillator/clock generator generates the necessary 
internal clocks from either an external clock or an external 
crystal. 

If an external clock input is used to drive CLKin, the input 
frequency can either be 12.352MHz or 1.544MHz in order to 
meet the frequency template. The device has an internal 
frequency sense circuit that can sense the difference between 
12.352 MHz and 1.544 MHz and makes the necessary 
changes in the clock generator to accomodate either 
frequency at the input. 

if a (Crystal is used, a 12.352 MHz crystal must be connected 
between CLK|n and GND. This unique 1-pin crystal oscillator 
does not generally require any external capacitors or other 
external coniponents to meet the frequency template. The 
crystal should be physically placed as close as possible to the 
CLK|N pin to minimize stray inductances and capacitances. 

The crystal must have the following characteristics: 

1. Parallel resonant type 

2. Frequency: 12.352000MHz 

3. Tolerance: ±0.005% @25°C 

4. Less than 0.005% variation over desired temperature 
range 

5. Maximum equivalent series resistance of 15 Q at a drive 
leveloflMWto200|L(W 

6. Maximum equivalent series resistance of 30Q at drive 
levelsoflOnWtolptW 

7. Typical load capacitance: 18 pF 

8. Maximum case capacitance: 5pF 

The frequency of oscillation will be a function of the crystal 
parameters and board capacitance. If the final oscillation 
frequency is different than the ideal 12.352 MHz, the tem- 
plate frequencies will change according to the formulas out- 
lined in section 1.6. If the crystal meets the above 
recommended parameters and typical PC board capacitance 
from CLKiisi to GND is 2pF, then the device will meet the 
template specifications. Crystals that meet these require- 
ments are M-tron 3709-010 12.352 for 0°C to -h70°C and 
3709-020 12.352 for -40°Cto -f-85°C operation. 



Figure 4. Tone Detector Template 
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1.0 FUNCTIONAL DESCRIPirON (Continued) 



The ML2031 has two clock outputs that can be used to drive 
Other external devices. The CLKqutI output is a buffered 
output from the oscillator divided by 2. The CLKout2 output 
is a buffered output from the oscillator divided by 8. If a 
12.352 MHz clock or crystal is used, CLKqutI = 6.176MHz 
and CLKout2 = 1.544MHz. 

1.6 Detecting Tones from 1000 Hz to 4000 Hz 

The tone detector frequency template shown in Figure 5 is 
proportional to the frequency of CLKin. Thus, the device can 
be set to a center frequency (other than 2713 Hz) by adjusting 
CLK|N frequency. 

The external clock frequency, fCLK|N, needed to produce a 
given center frequency, can be calculated by: 

fCLK|N=fcx4552.893 

once fCLKiN has been determined, the other template fre- 
quency points shown in Figure 5 can be calculated by: 

fDL=fCLK|Nx2.18831x10-4 

fDu = fCLK|Nx2.20450x10-4 

fRL=fCLK|Nx2.16888x10-4 

fRU =fCLK|N X 2.22393 x 10-4 

The above formulas are valid for center frequencies with the 
range of 1000 Hz to 4000 Hz. The internal divide by 8 cir- 
cuitry may be bypassed by applying a clock that is one eighth 
of the above calculated values. 

When the required CLK|n frequency calculated above is less 
than 6MHz, the internal frequency sense circuit may be- 



come enabled causing the detection of an erroneoijs center 
frequency. In this case, the divide by 8 function cannot be 
used and only the lower clock frequency may be used. For 
example, for a 1004 Hz tone detector, the clock frequency 
applied must be 571 kHz. 

1.7 Power Supplies 

The analog circuits in the device run from -i-5 to - 5 (Vcc to 
Vss) and are referenced to GND. 

The digital circuits in the device run from +5 to (Vcc to 
GND). 

It is recommended that the power supplies to the device be 
bypassed by placing decoupling capacitors from Vcc to GND 
and Vss to GND as physically close to the device as possible. 

» Hz 



dBm 



-34 ■ 



-40 • 




Figu re 5. Tone Detector Template 



2.0 APPLICATIONS 









ML2003 










RECEIVE 

LINE 

INTERFACE 








ML2004 

ML2008 

ML2009 

ATTENUATION 

/GAIN 


ML2020 

LINE 

EQUALIZER 






/-. w^ 














LOOPBACK 
RELAY 
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ML2031 

ML2032 

TONE 

DETECTOR 








1 










mP 


- 




















1 














ML2035 

ML2036 

TONE 

GENERATOR 








ML2003 
ML2004 
ML2008 
ML2009 
ATTENUATION 


b 


TRANSMIT 

LINE 

INTERFACE 






I 


^ w ^ 
















/G 


\IN 





Figure 6. 4-Wire Termination Equipment 
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ORDERING rNFORMATION 







TEMPERATURE 


PART NUMBER 


PACKAGE 


RANGE 


ML2031IJ 


Hermetic DIP 


-40°Cto+85°C 


ML2031CP 


Molded DIP 


0°Cto+70°C 


ML2032IJ 


Hermetic DIP 


-40°Cto+85°C 


ML2032CP 


Molded DIP 


0°Cto+70°C 
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ML2035, ML2036 



Programmable Sinewave Generator 



GENERAL DESCRIPTION 



FEATURES 



The frequency of these monolithic sinewave generators 
is programmable for the ML2035 from DC to 25kHz 
and for the ML2036 from DC to 50kHz. No external 
components are required. 

The frequency of the sinewave output is derived from 
either an external crystal or clock input, thus providing 
a stable and accurate frequency reference. The 
frequency is programmed by a 16-bit serial data word. 

The ML2035 is packaged in an 8-pin DIP and has a 
Vqut amplitude of +Vcc/2. 

The ML2036 provides for a Vqut amplitude of either 
+Vref or ±Vref/2. Also included with the ML2036 is an 
inhibit input which allows the sinewave output to be 
held at zero volts after completing the last half cycle of 
the sinewave preventing steps in voltage. Two pins of 
the ML2036 are clock outputs designed to drive other 
devices with one half or one eighth of the clock input 
frequency. 

The ML2035 and ML2036 are intended for 
telecommunications and modem applications that need 
low cost and accurate generation of precise test tones, 
call progress tones, and signaling tones. 



I Programmable frequency DC to 50kHz 

I Frequency resolution with 

fcLKIN = 12MHz (+.75 Hz) 1.5Hz 

I Absolute gain error ±.1dB max 

I Harmonic distortion -45dB max 

I Output voltage amplitude of +Vref of" ±Vref/2 
I On chip crystal oscillator 3 to 12MHz 

I ML2036 has clock outputs of 1/2 or 1/8 of the 

input clock frequency 
r No external components required 
I fj? compatible serial interface 
I Double buffered data latch 
I Synchronous or asynchronous data loading 

capability 
I Power dissipation 50mW max from +5V supplies 
I Compatible with ML2031 and ML2032 tone 

detector, and ML2004 logarithmic gain /attenuator 
I TTL/CMOS compatible inputs 
I ML2035 package 8-pin DIP; ML2036 14-pin DIP or 

16-pin SOIC 
I 0°C to +70°C or ^0°C to +85°C operating 

temperature range 



BLOCK DIAGRAMS 



ML2035 



ML2036 



CLKiN 



CRYSTAL 
OSC 



H- 



PHASE 

ACCUMULATOR 

AND 

512 POINT 

SINE LOOK-UP 

TABLE 



,' 16 



O • 1 16-BIT DATA LATCH | 




VOUT 



VCC 



SIDO 1 16-BIT SHIFT REGISTER I 

SCK 



CLKoutI 



CLKout2 




Vref 



U,-^] 



PHASE 

ACCUMULATOR 

AND 

512 POINT 

SINE LOOK-UP 

TABLE 



[— ^VW-<^ 



SMOOTHING 
HLTER 



GND 

Vss DGND 

LATI O 1 [ 16-BIT DATA LATCH 



16 



SIDO 1 16-BIT SHIFT REGISTER [ 

O 
SCK 




VoUT 



ZERO 
DETECT 



) Vcc 

> AGND 

) Vss 



Pdn-inh 
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PIN CONNECTIONS 



ML2035 
8-Pin DIP 



Vss [ 


1 


Ky 


8 


] CLKiN 


SCK [ 


2 




7 


] GND 


SID [ 


3 




6 


] VoUT 


lATI [ 


4 




5 


] Vcc 



ML2036 
14-Pm DIP 



Vss [ 1 ^^ 14 ] CLKiN 

Pdn-«NH [2 13 ] GAIN 

CLKoutI [3 12 ] DGND 

CLKout2 [4 11 ] AGND 

SCK [5 10 ] VoUT 
SID [ 6 9 ] Vref 

lATI [ 7 8 ] Vcc 



ML2036 
le-Pin SOIC 



NC or 


1 


16 


ID CLKiN 


Vss HE 


2 


15 


Zn GAIN 


Pdn-inh oe 


3 


14 


jn NC 


CLKouTi nr 


4 


13 


m DGND 


clkout2 en: 


5 


12 


in AGND 


SCK or 


6 


11 


ID VoUT 


SID or 


7 


10 


m Vref 


LATI or 


8 


9 


m Vcc 



PIN DESCRIPTIONS 

ML2035 

PIN 

NO. NAME 



FUNCTION 



1 Vss Negative supply. -5V ± 10%. 

2 SCK Serial clock. Digital input which clocks 

in serial data on rising edges. 

3 SID Serial data. Serial input data which 

programs the frequency of Vqut- 

4 LATI Serial latch. Digital input which latches 

serial data into the internal data latch 
on falling edges. 

5 Vcc Positive supply +5V ± 10%. 

6 Vqut Analog output. Vqut swing is ±\/qqI2. 

7 GND Ground. volts. All inputs and outputs 

referenced to this point. 

8 CLKiisi Clock input. Internal clock can be 

generated by tying a 3 to 12MHz crystal 
from this pin to GND or applying a 
clock directly to the pin. 



FUNCTION 

Negative supply -5V + 10%. 

Three level input. Controls inhibit 
mode and power down mode. Current 
source pull up to Vcc- 
Clock output. Digital output from 
internal clock generator that can drive 
other devices. fcLKOUH = fcLKiN/2- 
Clock output. Digital output from 
internal clock generator that can drive 
other devices. fcLKOUT2 = fciKiN/s. 
Serial clock. Digital input which clocks 
in serial data on rising edges. 
Serial data. Serial input data which 
programs the frequency of Vqut- 
Serial latch. Digital input which latches 
serial data into the internal data latch 
on falling edges. 
Positive supply +5V + 10%. 
Reference input. The voltage on this 
pin determines the peak-peak swing on 
Vqut- Vref can be tied to Vco 
Analog output. 

Analog ground. volts. Analog inputs 
and outputs referenced to this point. 
Digital ground. volts. Digital inputs 
and outputs referenced to this point. 
Sets Vqut peak amplitude to Vrep or 
Vref/2. Current source pull down to 
DGND. 

Clock input. Internal clock can be 
generated by tying a 3 to 12MHz crystal 
from this pin to DGND or applying a 
clock directly to the pin. 



ML2036 




PIN NO. 




DIP SOIC 


NAME 


1 


2 


Vss 


2 


3 


Pdn-inh 


3 


4 


CLK0UT1 


4 


5 


CLK0UT2 


5 


6 


SCK 


6 


7 


SID 


7 


8 


LATI 


8 


9 


Vcc 


9 


10 


Vref 


10 


11 


Vqut 


11 


12 


AGND 


12 


13 


DGND 


13 


15 


GAIN 


14 


16 


CLK,N 
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ABSOLUTE MAXIMUM RATrNGS 

(Note 1) 

Supply Voltage 

Vcc +6.5V 

Vss -6.5V 

Analog Input and Output Vss - 0-3V to Vcc + 0-3V 

AGND Voltage Vss to Vcc 

Digital Inputs and Outputs -0.3V to Vcc + 0.3V 

Input Current per Pin +25mA 

Power Dissipation 750mW 

Storage Temperature Range -65°C to +150°C 



Lead Temperature (Soldering 10 sec) 

Dual-ln-Line Package (Molded) 260*'C 

Dual-ln-Line Package (Ceramic) 300°C 

Molded Small Outline IC Package 

Vapor Phase (60 sec) 215**C 

Infrared (15 sec) 220°C 

OPERATING CONDITIONS 

Temperature Range (Note 2) 

ML2035CR ML2036CI^ ML2036CS 0°C to +70°C 

ML2035IJ, ML2036IJ -40°C to +85°C 



ML2035 ELECTRICAL CHARACTERISTICS 

Unless otherwise specified, Ta = Tmin to TmaX/ Vcc = 5V ± 10%, Vss = -5V ± 10%, CLK|n = 12.352MHz, Vqut load 
Cl = 100pF and Rl = Ik, all digital timing measured at 1.4V midpoint, and input control signals from 10% to 90% of 
Vcc with tR = tp = 20ns. 



SYMBOL 



PARAMETER 



NOTES 



CONDITIONS 



MIN 



lYP 
(Note 3) 



MAX 



UNITS 



Sinewave Generator 



HD 


Harmonic Distortion 


4 


2nd or 3rd 
Harmonic 
Relative to 
Fundamental 


four = 20Hz to lOkHz 






-45 


dB 




fouT = lOkHz to 25kHz 






-40 


dB 


SND 


Signal to Noise + 
Distortion 


4 


200Hz < fouT ^ 3400Hz, noise 
measured 200Hz to 4kHz 






-45 


dB 




20Hz < fouT ^ 25kHz, noise 
measured 20Hz to 75kHz 






-40 


dB 


ICN 


Output Idle Channel Noise 


4 


Power Down Mode, Cmsg weighted 




-20 





dBrnc 




Power Down Mode, 1kHz 




50 




nV/VRz 


PSRR 


Power Supply Rejection 
Ratio 


5 


200mVp_p, 0-IOkHz sine, 
measured on Vqut 


Vcc 






-40 


dB 




Vss 






-40 


dB 


Vqs 


Vqut Offset Voltage 


4 








±75 


mV 


VPK 


Vqut Peak Voltage 








±Vcc/2 




V 


Vgn 


Vqut Gain Error 


4 


Relative 
to Vcc 


four = 20Hz to 10kHz 






±.1 


dB 




fouT = 10kHz to 25kHz 






+.3 


dB 



Digital and DC 



V,L,CLK 


Input Low Voltage, CLKin 


4 








1.5 


V 


V,H,CLK 


Input High Voltage, CLK,n 


4 




3.5 






V 


I1N.CLK 


input Current, CLK|n 


4 


CLK,N = 1.5V to 3.5V 




10 


60 


M 




CLKjN = to 1.5V; 3.5V to Vcc 






250 


M 


C,N,CLK 


Input Capacitance, CLK|n 


5 






12 




PF 


V,L 


Input Low Voltage 


4 








.8 


V 


V,H 


Input High Voltage 


4 




2.0 






V 


l|L 


Input Low Current 


4 


V,N = ov 


-1 






M 


llH 


Input High Current 


4 


V,N = Vcc 






1 


M 


C,N 


Digital Input Capacitance 








5 




pF 


Vol 


Output Low Voltage 


4 


loL = -2mA 






0.4 


V 


Vqh 


Output High Voltage 


4 


Iqh = 2mA 


4.0 






V 
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ML2035 ELECTRICAL CHARACTERISTICS (Continued) 

Unless otherwise specified, Ta = Tmin to Tmax/ Vcc = 5V + 10%, Vss = -5V + 10%, CLK|n = 12.352MHz, Vqut load 
Cl = lOOpF and Rl = Ik, all digital timing measured at 1.4V midpoint, and input control signals from 10% to 90% of 
Vcc with tR = tp = 20ns. 



SYMBOL 


PARAMETER 


NOTES 


CONDITIONS 


MIN 


TYP 
(Note 3) 


MAX 


UNITS 


Digital and DC (Continued) 


Ice 


Vcc Supply Current 


4 


No output load, Vcc = 5.5V 






5.5 


mA 


Iss 


Vss Supply Current 


4 


No output load, Vss = -S.5V, 
Vcc = 5.5V 






-3.5 


mA 


Icci 


Vcc Supply Current, Power 
Down Mode 


4 


No Output Load, Power Down Mode 






2.0 


mA 


Issi 


Vss Supply Current, Power 
Down Mode 


4 


No Output Load, Power Down Mode 






-100 


M 


Digital Timing 


tCKI 


CLKiN On/Off Period 


4 


tR = tp = 10ns, 2.5V midpoint 


30 






ns 


tsCK 


SCK On/Off Period 


4 




100 






ns 


tDS 


SID DATA Setup Time 


4 




50 






ns 


tOH 


SID DATA Hold Time 


4 




50 






ns 


tlPW 


LATI Pulse Width 


4 




50 






ns 


tLH 


LATI Hold Time 


4 




50 






ns 


tLS 


LATI Setup Time 


5 




50 






ns 
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ML2036 ELECTRICAL CHARACTERISTICS 

Unless otherwise specified, Ta = Tmin to Tmax, Vcc = 5V + 10%, Vss = -5V + 10%, AGND = DGND = OV, Vref = 2.5V 
to VcG and CLK|n = 12.352MHz, Vqut load Cl = lOOpF and Rl = 1k, all digital timing measured at 1.4V midpoint, and 
input control signals from 10% to 90% of Vcc with tR = tp = 20ns. 



SYMBOL PARAMETER 



NOTES 



CONDITIONS 



MIN 



TYP 
(Note 3) 



MAX 



UNITS 



Sinewave Generator 


















HD 


Harmonic Distortion 


4, 6 


2nd or 3rd 
harmonic 
relative to 
fundamental 


fouT = 20Hz to 10kHz 






-45 


dB 




four = 10kHz to 50kHz 






-40 


dB 


SND 


Signal to Noise + 
Distortion 


4, 6 


200Hz < four ^ 3400Hz, noise 
measured 200Hz to 4kHz 






-45 


dB 




20Hz < fouT ^ 50kHz, noise 
measured 20Hz to 150kHz 






-40 


dB 


ICN 


Output Idle Channel Noise 


4 


Power down mode, Cmsg weighted 




-20 





dBrnc 




Power down mode, 1kHz 




50 




nV/vlHz 




Inhibit mode, 1kHz 




500 




nv/Vi-iz 


PSRR 


Power Supply Rejection 
Ratio 


5 


200mVp_p, to 10kHz sine, 
measured on Vqut 


Vcc 






-40 


dB 




Vss 






-40 


dB 


Vqs 


Vqut Offset Voltage 


4, 7 








±25 + (±10 
^ VouTP-p) 


mV 


VPK 


VouT Peak Voltage 


6 


GAIN = Vcc 




±Vref 




V 




GAIN = DGND 




±Vref/2 




V 


Vsw 


Vqut Swing 


5 


GAIN = Vcc 


Vss+1.5V 




Vcc-1.5V 


V 


Vgn 


Vqut Gain Error 


4,6 


fouT = 20Hz to 10kHz 






+.1 


dB 




fouT = 10kHz to 50kHz 






+.3 


dB 


Rref 


Reference Input Resistance 


4 




2.5 


12 




MO 



Digital and DC 



V.L^CLK 


Input Low Voltage, CLK|n 


4 








1.5 


V 


V,H,CLK 


Input High Voltage, CLK,n 


4 




3.5 






V 


l|N.CLK 


Input Current, CLK|n 


4 


CLK,N = 1.5V to 3.5V 




10 


60 


//A 




CLK,N = to 1.5V; 3.5V to Vcc 






250 


M 


C,N,CLK 


Input Capacitance, CLKin 


5 






12 




PF 


V,L 


Input Low Voltage 


4 


LATI, SID, GAIN, SCK 






.8 


V 


V,H 


Input High Voltage 


4 


LATI, SID, GAIN, SCL 


2.0 






V 


l|L 


Input Low Current 


4 


V|N = OV, LATI, SID, GAIN, SCK 


-1 






M 


llH 


Input High Current 


4 


VjN = VcG LATI, SID, Pdn-INH, SCK 






1 


M 


hb Pdn 


Input Low Current 


4 


Pdn-INH, V,n = OV 


-70 


-20 


-5 


M 


llH, C 


Input High Current 


4 


GAIN, V,N = Vcc 


5 


20 


70 


M 


V,i 


Input Logic Low Pdn-INH 


4 




DGND-.5 




.8 


V 


V,2 


Inhibit State Voltage 
Pdn-INH 


4 








VSS+.5 


V 


V,3 


Input Logic High Pdn-'NH 


4 




2.0 






V 


Qn 


Digital Input Capacitance 








5 




pF 


Vol 


Output Low Voltage 


4 


loL = -2mA 






0.4 


V 


Vqh 


Output High Voltage 


4 


loH = 2mA 


40 






V 
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ML2036 ELECTRICAL CHARACTERISTICS (Continued) 

Unless otherwise specified, Ta = Tmin to Tmax, Vcc = 5V ± 10%, Vss = -5V ± 10%, AGND = DGND = OV, Vref = 2.5V 
to VcG and CLK|n = 12.352MHz, Vqut load Cl = lOOpF and Rl = Ik, all digital timing measured at 1.4V midpoint, and 
input control signals from 10% to 90% of Vcc with tR = tp = 20ns. 



Note 1: 

Note 2: 

Note 3: 
Note 4: 
Note 5: 
Note 6: 

Note 7: 



SYMBOL 


PARAMETER 


NOTES 


CONDITIONS 


MIN 


TYP 

(Note 3) 


MAX 


UNITS 


Digital and DC (Continued) 


Ice 


Vcc Supply Current 


4 


No output load, Vcc = Vref = 5.5V 






5.5 


mA 


Iss 


Vss Supply Current 


4 


No output load, Vss = -5-5V, 
Vcc = Vref =5.5V 






-3.5 


mA 


Icci 


Vcc Supply Current, 
Power Down Mode 




No output load, power down mode 






2.0 


mA 


Issi 


Vss Supply Current, 
Power Down Mode 




No output load, power down mode 






-100 


M 


Digital Timing 


tcKI 


CLK,N On/Off Period 


4 


tR = tF = 10ns, 2.5V midpoint 


30 






ns 


tsCK 


SCK On/Off Period 


4 




100 






ns 


tDS 


SID DATA Setup Time 


4 




50 






ns 


tDH 


SID DATA Hold Time 


4 




50 






ns 


tlPW 


LATI Pulse Width 


4 




50 






ns 


tlH 


LATI Hold Time 


4 




50 






ns 


tLS 


LATI Setup Time 


5 




50 






ns 


Clock Output 


fcLKl 


CLKqutI Output Frequency 


4 


Figure 2 


Vi 




1/2 


fcLKIN 


fcLK2 


CLKout2 Output Frequency 


4 


Figure 2 


1/8 




1/8 


fcLKIN 


tiR/ t2R 


CLKquTI/ CLKouT2r 

Output Rise Time 


5 


CL=40pF, 10% and 90% transition point 







20 


ns 




4 


CL=100pF, 0.8V and 2.0V transition point 







20 


ns 


tiFr t2F 


CLKquti/ CLKout2/ 
Output Fall Time 


5 


CL=40pF, 10% and 90% transition point 







20 


ns 




4 


CL=100pF, 0.8V and 2.0V transition point 







20 


ns 



Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 

specified are measured with respect to ground. 

0°C to +70°C and -40°C to +85°C operating temperature range devices are 100% tested with temperature limits guaranteed by 100% 

testing, sampling, or by correlation with worst-case test conditions. 

Typicals are parametric norm at 25°C. 

Parameter guaranteed and 100% production tested. 

Parameter guaranteed. Parameters not 100% tested are not in outgoing quality level calculation. 

Maximum peak-to-peak voltage for output sinewave is Vqujp_p < (125kV x Hz)/fouT- For example at 50kHz output the maximum 

guaranteed voltage swing is 2.5Vp_p. 

Offset voltage is a function of the peak-to-peak output voltage, for example if Vqutp-p "= 2.5V, Vqs = ±50mV max. 
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TIMING DIAGRAMS 



CLKiN 




Figure 1. Serial Interface Timing 



CLKiN 



CLKoutI 



\ 



CLKout2 



-fCLKl ► — ► hf-tiR —*4 -««— tiF 



\ 



-fCLK2- 






— H H-t2 



fCLK PARAMETERS REFERRED TO 1.4V MIDPOINT 



Figure 2. ML2036 Digital Clock Output Timing 



TYPICAL PERFORMANCE 
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2 3 

INPUT VOLTAGE (V) 



Figure 3. CLKim Input Current vs. Input Voltage 
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1.0 FUNCTIONAL DESCRIPTION 



The ML2035 and ML2036 are composed of a 
programmable frequency generator, sinewave generator, 
crystal oscillator, and serial digital interface. The ML2035 



and ML2036 frequency and sinewave generator 
functional block diagram is shown in figure 4. 



16-BIT 
SHIFT REGISTER 



16-BIT 
DATA lATCH 



BINARY 
PHASE ACCUMULATOR 



U 



n 



Ai6 Ao B0-B20 

I I 21 -BIT 
A20A15 ADDER 



fREF 



CRYSTAL 
OSCILLATOR 



-GD- 



21 -BIT 

LATCH 

QO Q20 



LEAST 

SIGNIFICANT 
(12 BITS) 



PHASE SAMPLES 
(7 BITS) 



INPUT TO 

QUADRANT 

COMPLEMENTOR 



QUADRANT 
BIT 



QUADRANT 
COMPLEMENTOR 



READ-ONLY 
MEMORY 
(128 X 7) 



..r 



^iii 



-MU-j 



1 
^REF 



SIGN 
BIT 



SIGN 
COMPLEMENTOR 



fREF 



(7 BITS) 



SIGN 
BIT 



INPUT TO 
ROM 

INPUT TO 

SIGN 

COMPLEMENTOR 

INPUT 
OUTP 
LATC 



INPUT TO 
OUTPUT 
LATCH 



OUTPUT 
LATCH 



mi^ 



INPUT TO 

D/A 

CONVERTER 



SIGN 
BIT 



M\. 



8-BIT 

DIGITAL-TO-ANALOG 

CONVERTER 



mi'' 



PICTORIAL 

PRESENTATION 

OF 

DIGITAL DATA 



LOW-PASS 
HLTER 






INPUT TO 
LOW-PASS 

FILTER 
/ ANALOG \ 
\ SIGNAL / 

OUTPUT OF 
LOW-PASS 

FILTER 
/ ANALOG \ 

SIGNAL I 



SINEWAVE 
OUTPUT 



Figure 4. Frequency and Sinewave Generator Functional Block Diagram 
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1.1 Programmable Frequenq^ Generator 

The programmable frequency generator produces a 
digital output whose frequency is determined by a 16- 
bit digital word. 

The frequency generator is composed of a phase 
accumulator which is clocked at fcLKiN/4- The value 
stored in the data latch is added to the phase 
accumulator every 4 cycles of CLK|n. The frequency of 
the analog output is equal to the rate at which the 
accumulator overflows apd is given by the following 
equation: 

felKIN X (D15-DQ)dec 
foUT = — 

The frequency resolution and the minimum frequency 
are the same and is given by the following equation: 

^tmin - 223 

When fcLKiN = 12.352MHz, AfMiN = 1.5Hz (±.75Hz). 
Lower frequencies are obtained by using a lower clock. 

Due to the phase quantization nature of the frequency 
generator spurious tones can be present in the output 
in the range of -55d3 relative to fundamental. The 
energy from these tones is included in the signal to 
noise + distortion specification. The frequency of these 
tones can be very close to the fundamental, therefore it 
is not practical to filter them out. 

1.2 Sinewave Generator 

The sinewave generator is composed of a sine look-up 
table, a DAC, and an output smoothing filter. The sine 
look-up table is addressed by the phase accumulator. 
The DAC is driven by the output of the look-up table 
and generates a staircase representation of a sinewave. 

The output smoothing filter "smooths" the analog 
output by removing the high frequency sampling 
components. The resultant voltage on Vqut 's a 
sinusoid with all distortion components at least 45dB 
below the fundamental. 

The ML2035 provides a peak sinewave voltage of 
+Vcc/2. The ML2036 has a Vref input that can be tied 
to Vcc ov generated from an external voltage. With the 
gain input equal to a logic "1" the sinewave peak 
voltage is equal to +Vref; with the gain input equal to 
a logic "0" the peak voltage is +Vrep/2. The sinewave 
output is referenced to AGND for the ML2036 and 
GND for the ML2035. 



The analog section is designed to operate over a range 
from DC to 50kHz. Due to slew rate limitations, the 
peak-to-peak output voltage must be limited to Vqutp-p 
< (125kV X Hz)/fouT- For example on the ML2036 an 
output at 50kHz must be limited to 2.5Vp_p. Since the 
ML2035 peak-to-peak output voltage is equal to Vco 
the maximum output frequency must be limited to 
25kHz for Vcc = 5V. Vqut can drive 1kO, lOOpF loads 
and swing to within 1.5V of Vcc and Vss, provided the 
slew rate limitations mentioned above are not 
exceeded. 

The output offset voltage, Vqs/ is a function of the 
peak-to-peak output voltage and is specified as 25mV + 
(+10 X Vqutp-p) niax. For example if Vqutp-p = 2.5V, 
then Vqs = 50mV max. 

1.3 Crystal Oscillator 

The crystal oscillator generates an accurate reference 
clock for the programmable frequency generator. 

The internal clock can be generated with a crystal or 
external clock. 

If a crystal is used, it must be placed between CLK|n and 
DGND of the ML2036 or GND of the ML2035. An on 
chip crystal oscillator will then generate the internal 
clock. No other external capacitors or components are 
required. The crystal should be a parallel resonant type 
with a frequency between 3MHz to 12.4MHz. It should 
be placed physically as close as possible to the CLK|n 
and DGND (GND). 

An external clock can drive CLKin directly if desired. 
The frequency of this clock can be anything from to 
12MHz. 

The crystal must have the following characteristics: 

1. Parallel resonant type 

2. Frequency: 3MHz to 12.4MHz 

3. Maximum equivalent series resistance of 15Q at a 
drive level of 1//W to 200/yW 

4. Maximum equivalent series resistance of 30O at drive 
levels of lOnW to 1//W 

5. Typical load capacitance: 18pF 

6. Maximum case capacitance: 7pF 

The frequency of oscillation will be a function of the 
crystal parameters and board capacitance. Crystals that 
meet these requirements at 12.352000MHz are M-tron 
3709-010 12.352 for 0°C to +70°C and 3709-020 12.352 
for -40°C to +85°C operation. 



SID 
LATI 



)(Z)CI)(ZXIXZXZ)CDG3<Z>GD<IXlXIXjDGDQI)(1X^ 

. iH 



Figure 5. Serial Interface Timing 
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The ML2036 has two clock outputs that can be used to 
drive other external devices. The CLKqutI output is a 
buffered output from the oscillator divided by 2. The 
CLKout2 output is a buffered output from the oscillator 
divided by 8. 

1.4 Serial Digital Interface 

The digital interface consists of a shift register and data 
latch. The serial 16-bit data word on SID is clocked into 
a 16-bit shift register on rising edges of the serial shift 
clock, SCK. The LSB should be shifted in first and the 
MSB last as shown in figure 5. The data that has been 
shifted into the shift register is loaded into a 16-bit data 
latch on the falling edge of LATI. To insure that true 
data is loaded into the data latch from the shift register, 
LATI falling edge should occur when SCK is low, as 
shown in figure 1. LATI should be low while shifting 
data into the shift register to avoid inadvertantly 
entering the power down mode as described in 
paragraph 1.5. Note that all data is entered and latched 
on edges, not levels, of SCK and LATI. 



1.5 inhibit and Power Down Modes 

1.5.1 ML2035 Power Down Mode 

The power down mode of the ML2035 can be selected 
by entering all zeros in the shift register and applying a 
logic "1" to LATI. A zero data detect circuit detects 
when all bits in the shift register are zero's. In this state, 
the power consumption is reduced to 11.5mW max, 
and VouT goes to OV as shown in figure 6 and appears 
as 10k to analog ground. The master clock, CLKim, can 
be left active or removed during power down mode. 

1.5.2 ML2036 Inhibit and Power Down Modes 

The ML2036 has an inhibit mode and a power down 
mode which are controlled by the three-level Pdn-INH 
input as described in table 1. When a logic "1", V13, is 
applied to the Pdn-INH pin, the power down mode is 
entered in the same way as described for the ML2035. 
Also, the ML2036 will be placed in the power down 
mode by applying a logic "0" to the Pdn-INH pin. 

If Vss to Vss + .5V, V|2, is applied to the Pdn-INH pin, 
the inhibit mode is entered by shifting all zero's into 
the shift register and applying a logic "1" to the LATI 
pin. Once the inhibit mode is entered Vqut will 
complete the last half cycle of the sinewave and then 
be held at approximately Vqs/ such that no voltage step 
occurs, as shown in figure 6. 



Pdn-INH 
MODE 


Pdn-INH 
PIN 


DATA IN 
SHIFT REG. 


lATI 


SINEWAVE OUTPUT 


Pdn" 


V,i, Logic "0" 


X 


X 


VouT = OV 
(10K to AGND) 


Inhibit 


V,2, Inhibit State 

Voltage, Vss to 

Vss + -SV 


All O's 


Logic "1" 


Vqut goes to approximately Vqs 
at the next Vqs crossing. See 
figure 6. 


D (1' 

Pdn 


V|3, Logic "V 


All O's 


Logic "V 


VouT = OV 
(10K to AGND) 



Note 1: In the power down mode, the oscillator, CLKquti ^"d CLKout2/ shift register, and data latch are all functional. 

Table 1. Three Level Pdn-INH Function 



Power Down Mode 



Inhibit Mode 







|VX|< 



VPEAK ^ 



256 
FOR foUT > 



VpEAK SINI 
fCLK 



STTfoUT ^ 
fCLK 



SCK J-UTJTJ1JTJTJTJT_RJ1J1J1J1JTJ1J-^^ 

SIO -x-y ^O 12 3 4 5 6 7 8 9 10 11 12 1314 15| 

lATI ^\ 



Figure 6. Power Down and Inhibit Mode 
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1.6 Power Supplies 

The analog circuitry in tiie device are powered from 
+5V to -5V (Vcc to Vss) and are referenced to AGND. 

The digital circuits in the device are powered from +5V 
to OV (Vcc to DGND). 

For the ML2036, it is recommended that AGND and 
DGND be connected together close to the device and 
have a good connection back to the power source. 



It is recommended that the power supplies to the 
device should be bypassed by placing decoupling 
capacitors from Vcc to AGND (GND for ML2035) and 
Vss to AGND (GND for ML2035) as physically close to 
the device as possible. 



2.0 TYPICAL APPLICATIONS 
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Figure 7. 4-Wire Termination Equipment 
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Figure 8. Sinewave Ratiometric to ±Vcc/2 



Figure 9. Sinewave with ±2.5Vp_p (5Vp_p) 
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ORDERING INFORMATION 



PART NUMBER 


PACKAGE 


TEMPERATURE 
RANGE 


ML2035IJ 
ML2035CP 


8-Pin Hermetic DIP 
8-Pin Molded DIP 


-40°C to +85°C 
0°C to +70°C 


ML2036IJ 

ML2036CP 

ML2036CS 


14-Pin Hermetic DIP 
14-Pin Molded DIP 
16-Pin Molded SOIC 


-40°C to +85°C 
0°C to +70°C 
0°C to +70°C 
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GENERAL DESCRIPTION 

The ML21 10 consists of two independent switched capaci- 
tor filters that perform second order filter functions such as 
lowpass, bandpass, highpass, notch and allpass. All filter 
configurations including Butterworth, Bessel, Cauer, and 
Chebyshev can be formed. 

The center frequency of these filters is tuned by an ex- 
ternal clock or the external clock and resistor ratio. 

The ML21 10 frequency range is specified to 30kHz with 
±2. 25V (single 5V operation) to ± 5.5V power supplies. 

For higher frequency operation the ML21 1 1 is specified up 
to 1 50kHz operation. 

These filters are ideal where center frequency accuracy 
and high Qs are needed. 

TheML2110isa pin compatible superior replacement for 
MF10, LMF100, and LTC1 060 filters. 



FEATURES 

■ Specified to 30kHz 

■ Center frequency xQ product <2MHz 

■ Separate highpass, notch, allpass, bandpass, and 
lowpass outputs 

■ Center frequency accuracy ±0.3% or ±0.8% max 

■ Q accuracy ± 3% or ± 6% max 

■ Clock inputs TTL or CMOS compatible with duty 
cycle 40% to 60% 

■ Single 5V(± 2.25V) or ±5V supply operation 
■0°Cto70°C, -40°Cto-H85°C, -55°Cto -h125°C 

operating temperature range 

■ Standard 0.3'' 20-pin DIP or 20-pin small outline 
(SOIC) package 



BLOCK DIAGRAM 



PIN CONNECTIONS 
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PIN DESCRIPTION 








PIN NO. 


NAME 


FUNCTION 


PIN NO. 


NAME 


FUNCTION 


1 


LPa 


Lowpass output for 
biquad A. 


12 


50/100/HOLD 


Input pin to control the 
clock to center frequency 


2 


BPa 


Bandpass output for 
biquad A. 






ratio of 50:1 or 100:1, or 
stops the clock to hold the 


3 


N/AP/HPa 


Notch/allpass/highpass 
outputfor biquad A. 






last sample of the band- 
pass or lowpass outputs. 


4 


INVa 


Inverting input of the 


13 


Vd- 


Negative digital supply. 






summing op amp for 


14 


Va- 


Negative analog supply. 






biquad A. 


15 


AGND 


Analog ground. 


5 


SIa 


Auxiliary signal input pin 
used in modes la, Id, 4, 5, 
and 6b. 


16 


SIb 


Auxiliary signal input used 
in modes la. Id, 4, 5, and 
6b. 


6 


Sa/b 


Controls S2 input 
function. 


17 


INVb 


Inverting input of the 
summing op amp for 


7 


Va + 


Positive analog supply. 






biquad B. 


8 


Vd + 


Positive digital supply. 


18 


N/AP/HPb 


Notch/allpass/highpass 


9 


LSh 


Reference point for clock 






outputfor biquad B. 






input levels. Logic 


19 


BPb 


Bandpass output for 






threshold typically 1.4V 






biquad B. 






above LSh voltage. 


20 


LPb 


Lowpass output for 


10 


CLKa 


Clock input for biquad A. 






biquad B. 


11 


CLKb 


Clock input for biquad B. 









ABSOLUTE MAXIMUM RATINGS 

(Notel) 

Supply Voltage 

|Va+ I, |Vd+ I - I Va- L I Vd- I 1 3V 

Va + , Vd+ to LSh 13V 

Inputs |Va + , Vd+ I +0.3V to |Va-, Vq- I -0.3V 

Outputs |Va + , Vd+ I +0.3Vto |Va-, Vd- I -0.3V 

|VA+|to|VD+| +0.3V 

Power Dissipation 750mW 

Storage Temperature Range -65°Cto 150°C 

Lead Temperature (soldering, 10 sec) 300°C 



OPERATING CONDITIONS 



Temperature Range (Note 2) 
ML2110BCP, ML2110CCP, 

ML21 10BCS, ML21 10CCS 0°C to 70°C 

ML2110BIJ, ML2110CIJ -40°Cto +85°C 

ML2110BMJ,ML2110CMJ -55°Cto +125°C 

Supply Voltage Range +2.25Vto +6.0V 



ELECTRICAL CHARACTERISTICS 

Unless Otherwise specified Ta=Tmin to Tmax/ Va+ =Vd+ =5V±107o, Va- =Vd- 
(1 .767 Vrms) Clock Duty Cycle 40% to 60%. 



■ = -5V± 10%, Cl = 25pF, V|N = 2.5VpK 
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NOTES 


CONDITIONS 


ML2110B 


ML2110C 




PARAMETER 


MIN 


TYP 
NOTES 


MAX 


MIN 


TYP 
NOTE 3 


MAX 


UNITS 


Filter 


fo, Center Frequency 
Maximum 


5,6 


Figure 16 (Model) 

Q < 50, Q Accuracy < ±20% 

Q < 20, Q Accu racy < ± 1 0% 






20 
30 






20 
30 


kHz 
kHz 


fo. Center Frequency 
Minimum 


5,6 


Figure 16 (Model) 

Q < 50, Q Accuracy < ±30% 

Q<20, Q Accuracy < ±15% 


25 
25 






25 
25 






Hz 
Hz 


fo. Temperature 
Coefficient 




fcLK<1MHz 




-10 






-10 




ppm/°C 


Clock to Center 
Frequency Ratio 


4 
4 


Q=10 

Figure 16 (Model) 
50:1, fcLK = 250kHz 
100:1, fcLK = 500kHz 


49.85 
100.0 


50.0 
100.3 


50.15 
100.6 


49.60 
99.50 


50.0 
100.3 


50.40 
101.1 
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ELECTRICAL CHARACTERISTrCS (Continued) 

U n less Otherwise specif iedTA=TMiN to TmaX/Va+ =Vd+ =5V±107o, V^- =Vd- 
(1 .767 Vrms) Clock Duty Cycle 40% to 60%. 



= -5V± 10%, CL = 25pF, V|N = 2.5VpK 



PARAMETER 



NOTES 



CONDITIONS 



ML2110B 



MIN 



TYP 
NOTES 



MAX 



ML2110C 



MIN 



TYP 
NOTES 



MAX 



UNITS 



Filter (Continued) 



Clock Frequency 


5 


Q < 20, Q Accuracy < ± 1 5% 


2.5k 




1.5M 


2.5k 




1.5M 


Hz 


Clock Feedth rough 


5 


fcLK^IMHz 




10 


20 




10 


20 


mV(p-p) 


Q Accuracy 


4 


fo = 5kHz,Q = 10 


50:1 






±3 






±6 


% 






Figure 16 (Model) 


100:1 






±4 






±8 


% 


Q Temperature 




fcLK<500kHz,Q = 10 




20 






20 




ppm/°C 


Coefficient 




















DC Offset 




50:1,fcLK = 250kHz 
















VoS2,3 


4 


Sa/b High 




7 


40 




7 


60 


mV 


VoS2,3 


4 


Sa/b Low 




7 


40 




7 


60 


mV 


DC Offset 




100:1, fcLK = 500kHz 
















VoS2,3 


4 


Sa/b High 




14 


60 




14 


100 


mV 


VoS2,3 


4 


Sa/b Low 




14 


60 




14 


100 


mV 


Gain Accuracy 




















DC Lowpass 


4 


R1=20k,R2 = 2k,R3 = 20k 




0.01 


2 




0.01 


2 


% 


Bandpass at fo 


4 


100:1, fo = 5kHz,Q= 10 




1 


4 




1 


8 


% 


DC Notch Output 


5 






0.02 


2 




0.02 


2 


% 


Noise 


7 


Figure 16 (Model) 
Q=1,R1=R2 = R3 = 2k 
Bandpass, 5kHz, 50:1 

5kHz, 100:1 
Lowpass, 5kHz, 50:1 

5kHz, 100:1 
Notch, 5kHz, 50:1 

5kHz, 100:1 




80 
100 
105 
130 
80 
100 






80 
100 
105 
130 
80 
100 




mVrms 

/tVRMS 

/*Vrms 
^Vrms 
/*Vrms 
/*Vrms 




Figure 16 (Model) 




















Q=10,R1=R3 = 20k,R2 = 2k 




















Bandpass, 5kHz, 50:1 




256 






256 




mVrms 






5kHz, 100:1 




315 






315 




jtiVRMS 






Lowpass, 5kHz, 50:1 




262 






262 




/tVRMS 






(R1=2k) 5kHz, 100:1 




320 






320 




^Vrms 






Notch, 5kHz, 50:1 




33 






33 




ji*Vrms 






(R1=2k) 5kHz, 100:1 




38 






38 




/aVrmS 


Crosstalk 




fcLK=250kHz,fo = 5kHz 




-70 






-70 




dB 



Filter, Va+ =Vd+ = 2.25V, Va- =Vd- = -2.25V, Vin = 0.707 Vpk (0.5 Vrms) 



fo, Center Frequency 
Maximum 


5 


Figure 16 (Model) 
Q<50,QAccuracy<±257o 
Q < 20, Q Accu racy < ± 1 2 % 






20 
30 






20 
30 


kHz 
kHz 


fo. Center Frequency 
Minimum 


5 


Figure 16 (Model) 

Q < 50, Q Accuracy < ± 30% 

Q < 20, Q Accu racy < ± 1 57o 


25 
25 






25 
25 






Hz 
Hz 


Clock to Center 
Frequency Ratio 


4 
5 


Q = 10 

Figure 16 (Model) 
50:1, fcLK = 250kHz 
100:1, fcLK= 500kHz 


49.85 
100.0 


50.0 
100.3 


50.15 
100.6 


49.60 
99.50 


50.0 
100.3 


50.40 
101.1 




Clock Frequency 


5 


Q < 20, Q Accu racy <±157o 


2.5k 




1.5M 


2.5k 




1.5M 


Hz 


Q Accuracy 


4 


fcLK=250kHz,Q = 10 
Figure 16 (Model) 


50:1 






±4 






±8 


% 




100:1 




±3 






±6 




% 



3-66 



J^Micro Linear 



ML2110 



ELECTRICAL CHARACTERISTICS (Continued) 

Unless otherwise specified Ta = Tmin to Tmax/ Va+ = Vd+ =5V± 10%, Va- 
(1 .767 Vrms) Clock Duty Cycle 40% to 60%. 



= Vd- = -5V±10%,Cl = 25pF,V|n = 2.5Vpk 
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Operational Amplifiers and Power Supply 



Vos DC Offset 
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dB 
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Power Supply And Clock 
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Note1: Absolute maximum ratings are limits beyond which the life of the mtegrated circuit may be impaired. All voltages unless 

otherwise specified are measured with respect to ground. 

Note 2: - 55°C to + 1 25°C operating temperature range devices are 100% tested at temperature extremes with worst-case test 

conditions. 0°Cto70°Cand -40°Cto -i-85°C operating temperature range devices are 100% tested with temperature limits 

guaranteed by 100% testing, sampling, or by correlation with worst-case test conditions. 

Note 3: Typicals are parametric norm at 25°C. 

Note 4: Parameter guaranteed and 100% production tested. 

Note 5: Parameter guaranteed. Parameters not 100% tested are not in outgoing quality level calculation. 

Note 6: Center frequency is defined as the peak of the bandpass output. 

Note 7: The noise is measured with the HP8903A audio analyzer with a bandwidth of 30kHz which is 6 times the fo at 50:1 or at 100:1. 
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TYPICAL PERFORMANCE CURVES 
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Figure 1 . fcLK/^o vs. fciK (100:1, 50:1 at Vs = ± 2.5V or Vs = ± 5V) 
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Figure 3. Q Error vs. fciK (100:1, 50:1 at Vs = ± 2.5V or Vs = ± 5V) 
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Figure 5A. fciK/fo Deviation vs. Q (Vs = ± 5V) 



Figure 5B. fcLK/^NOTCH Deviation vs. Q (Vs = ± 5V) 
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Figure 6A. Q Deviation vs. Q (50:1, Vs = ± 5V) 



Figure 6B. Q Deviation vs. Q (100:1, Vs = ± 5V) 
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TYPICAL PERFORMANCE CURVES (Continued) 
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Figure 7A. Distortion vs. f|N (50:1, Vs = ± 5V) 



Figure 7B. Distortion vs. f in (100:1, Vs= ±5V) 
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Figure 8A. Noise Spectrum Density (Q = 1) 



Figure 8B. Noise Spectrum Density (Q = 10) 
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Figure 9. fcLK/^NOTCH vs. fcLK 



Figure 10. Notch Depth vs fcLK 
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TYPICAL PERFORMANCE CURVES (Continued) 
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FUNCTIONAL DESCRIPTION 

POWER SUPPLIES 

The analog (Va + ) and digital (Vd + ) supply voltage pins, in 
most cases, are tied together and bypassed to AG ND with 
a O.ljLiF and a O.OVF disc ceramic capacitor. If high digital 
noise exists, the supply pins can be bypassed separately. 
The ML21 10 positive analog and positive digital supply 
pins are internally connected by the IC substrate and 
should be biased from the same DC source. 

The ML21 10 operates with a single supply from 5V±10% 
and with split supplies from ±4.5Vto ±6V supplies. 

CLOCK INPUT PINS AND LEVEL SHIFT 

With dual supplies equal to or higher than ±4.0V, the 
level shift (LSh) pin 9 can be connected to the same 
potential as the AGND or V^- pin. With single supply 
operation, the negative supply pins and the LSh pin should 
be tied to the system ground. The AGND, pin 1 5, should 
be biased at 1/2 supplies. Under these conditions, the 
clock levels are TTL or CMOS. The input clock pins 
(1 0, 1 1 ) share the same level shift pin. 

50/100/HOLD(Pin12) 

By tying pin 12 to (Va + , Vd + ) the filter operates in the 
50:1 mode. By tying pin 12 to 1/2 of the voltage supplies 
(AGND potential), the ML21 10 operates in the 100:1 
mode. The range of pin 1 2 with total supply voltage of 
+ 5V is 2.5 ± 0.5V; + 10V is 5V±0.5V. When pin 12 is tied 
to the negative supply pin, the filter operation is stopped 
and the bandpass and lowpass outputs act as an S/H cir- 
cuit holding the last sample. 

SIa^ SI B, (Pins 5 and 16) 

These are voltage signal input pins and should be driven 
with a source impedance below 5k. The 51 a, SI b pins can 
be used to alter the clock to center frequency ratio (fciK/W 
of the filter (see modes 1 b, 1 c, 2a, 2b) or to feedforward 
the input signal for allpass filter configurations (see modes 
4 and 5). When these pins are not used, they should be 
tied to the AGND pin. 



Sa/b (Pin 6) 

When Sa/b 's high, the 52 negative input of the voltage 
summer is tied to the lowpass output. When the Sa/b P'^ is 
connected to the negative supply, the 52 input switches to 
ground. 

AGND (Pin 15) 

AGND is connected to the system ground for dual supply 
operation. When operating with a single positive supply, 
the analog ground pin should be tied to 1/2 of the supply 
and bypassed with a 0. VF capacitor. The positive inputs 
of the internal op amps and the reference point of the in- 
ternal switches are connected to the AGND pin. 

fcLK/fo RATIO 

The ML21 10 is a sampled data filter and approximates 
continuous time filters. The filter deviates from its ideal 
continuous filter model when the (fcLK/U ratio decreases 
and when the Qs are low. 

foxQ PRODUCT RATIO 

The foXQ product of the ML21 10 depends on the clock 
frequency and the mode of operation. For clock frequen- 
cies below 1MHz, in mode 1 and its derivatives, the 
foXQ product is mainly limited by the desired foand Q 
accuracy. For the same clock frequency and for the same 
Q value the foXQ product can be further increased if the 
clock to center frequency ratio is lowered below 50:1 . 

Mode 3, Figure 24, and the modes of operation where R4 
is finite, are "slower" than the basic mode 1 . The resistor 
R4 places the input op amp inside the resonant loop. The 
finite GBW of this op amp creates an additional phase shift 
and enhances the Q value at high clock frequencies. 

OUTPUT NOISE 

The wideband RMS noise of the ML21 10 outputs is nearly 
independent from the clock frequency provided that the 
clock itself does not become part of the noise. The noise 
at the BR and LP outputs increases for high Qs. 
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FILTER FUNCTION DEFINITIONS 

Each filter oftheML21 10 with an external clock and resis- 
tors approximates 2nd order filter functions. These are 
tabulated below in the frequency domain. 

1 . Bandpass function: available at the bandpass output 
pins (2, 19), Figure 13. 

Cj (s) = HoBP -T~, — 7?Z. T 

s' + (sa)o/Q) + Wo' 

HoBP=Gain at aj = coo 

fo = ^o/27r; fo is the center frequency of the com- 
plex pole pair, fo is measured as the peak fre- 
quency of the bandpass output. 

Q = Quality factor of the complex pole pair. It is the 
ratio of fo to the -3dB bandwidth of the 2nd 
order bandpass function. The Q is always 
measured at the filter BP output. 

2. Lowpass function: available at the LP output pins 
(1,20), Figure 14. 

G(s) = HoLp- 



S^ + s(cOo/Q) + co^ 
HoLP= DC gain of the LP output. 

Highpass function: available only in mode 3 at the out- 
put pins (3, 18), Figure 15. 



G(s) = HoHP 



s^ + s(coo/Q) + w^ 



HoHP = g3''^ of the HP output for f-^ 



fclK 



4. Notch function: available at pins 3 (18) for several 
modes of operation. 

(s' + co^n) 



G(s) = (HoN2) 



s^-Ks(coo/Q) + w^ 



HoN2 = ga'n of the notch output for f-* 



^CLK 



HoNi =gain of the notch output for f-*0 

fn = con/27r; fp is the frequency of the notch 
occurrence. 

5. Allpass function: available at pins 3(18) for mode 4, 4a. 

[s'-s(coo/Q) + ajy 



G(s) = HoAP- 



S^ + S(c0o/Q) + Wo 



HoAP=ga'nofthe allpass output for 0<f< 



^'CLK 



For allpass functions, the center frequency and the Q of 
the numerator complex zero pair is the same as the 
denominator. Under these conditions, the magnitude re- 
sponse is a straight line. In mode 5, the center frequency 
fz, of the numerator complex zero pair, is different than fo. 
For high numerator Q's, the magnitude response will have 
a notch atf^. 
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f(LOG SCALE) 



Q.j_J^„„.V?If^ 



'-'"(i|^^/a)^) 



Figure 13 
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OPERATION MODES 



Table 1 . 1 st Order Functions 



MODE 


PIN 2 (19) 


PIN 3 (18) 


fc 


h 


6a 


LP 


HP 


^CLK ^ R2 

100(50) R3 












6b 


LP 


LP 


fcLK ^ R2 
100(50) R3 




7 


LP 


AP 


^'CLK R2 
100(50) R3 


^CLK ^ R2 

100(50) R3 



Table 2. 2nd Order Functions 



MODE 


PIN 1 (20) 


PIN 2 (19) 


PIN 3 (18) 


fo 


fN 


1 


LP 


BP 


Notch 


^CLK 

100(50) 


fo 


la 


LP 


BP 


BP 


^CLK 






LP 
LP 


BP 
BP 


Notch 
Notch 


100(50) 




lb 


fCLK . / R6 


^CLK . / R6 




100(50) '^ V ' ' R5 + R6 


100(50) '^ V ' ' R5 + R6 


1c 


^CLK . / R6 


tCLK ^ / R6 




100(50) '^ V R5 + R6 


100(50) '^V R5 + R6 


Id 


LP 


BP 




fcLK 






LP 
LP 
LP 


BP 
BP 
BP 


Notch 
Notch 
Notch 


100(50) 




2 


^CLK ., / R2 


fcLK 




100(50) ^V ' R4 
klK ., /i R2 R6 


100(50) 


2a 


^CLK . / R6 




100(50) " V'^ R4" R5 + R6 
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OPERATION MODES (Continued) 

There are basically three modes of operation: mode 1 , 
mode 2, mode 3. In the mode 1 , Figure 1 6, the input 
amplifier is outside the resonant loop. Because of thi^, 
mode 1 and its derivatives (mode 1 a, 1 b, 1 c, 1 d) are faster 
than modes 2 and 3. 

Mode la, Figure 17, represents the most simple hook-up 
oftheML2110. Mode la is useful when voltage gain at the 
bandpass output is required. The bandpass voltage gain, 
however, is equal to the value of Q, and a second order, 
clock tunable, BP resonator can be achieved with only 2 
resistors. The filter center frequency directly depends on 
the external clock frequency. For high order filters, mode 
la is not practical as it requires several clock frequencies 
to tune the overall filter response. 

Mode 1 , Figure 1 6, provides a clock tunable notch. 
Mode 1 is a practical configuration for second order clock 
tunable bandpass/notch filters. In mode 1 , a bandpass out- 
put with a very high Q, together with unity gain, can be 
obtained with the dynamics of the remaining notch and 
lowpass outputs. 

Modes lb and 1c, Figures 18, 19 are similar. They both 
produce a notch with a frequency which is always equal to 
the filter center frequency. The notch and the center fre- 
quency can be adjusted with an external resistor ratio. 



The clock to center frequency ratio range is: 



500 fcLK 100 50 

>J^LK> or— ; mode lb 

1 fo 1 1 



100 50 fcLK 100 50 

or — > > — r=-or — T^) mode 1c 

1 1 fo V2 V2 



The input impedance of the SI pin is clock dependent, 
and in general R5 should not be larger than 5k. Mode 1 b 
can be used to increase the clock to center frequency ratio 
beyond 100:1 . For this mode, the limit for the (fcLK/W '"atio 
is 500:1 . Beyond this, the filter will exhibit large output off- 
sets. Mode Id, Figure 20, is the fastest mode of operation: 
In the 50:1 mode center frequencies beyond 20kHz can 
easily be achieved. 

Modes 2, 2a, and 2b have a notch output which fre- 
quency, fn, can be tuned independently from the center 
frequency, fo. For all cases, however, fn<fo- These modes 
are useful when cascading second order functions to cre- 
ate an overall elliptic highpass, bandpass or notch re- 
sponse. The input amplifier and its feedback resistors (R2/ 
R4) are now part of the resonant loop. Because of this, 
mode 2 and its derivatives are slower than mode 1 's. 
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1(20) 




fCLK 



100(50) 



R? . H/-.nr. = _ ^. l-l<^K„ = _ J^. n = M 



fo= Tnk^;*n = fo;HoLP= - ^;HoBP= - ff; Hqni = - tf;Q 



^^f-KJor ^^, v^,>. jj^,vc ^2 



fo= 100(50) ^Q" R2' "^^""^ = ~ R2' HOBP2 = 1(NONINVERTING);HoLP= - 1 



Figure 16. Mode 1: 2nd Order Filter Providing Notch, 
Bandpass, Lowpass 



Figure 17. Mode la: 2nd Order Filter Providing 
Bandpass, Lowpass 
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OPERATION MODES (Continued) 
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100(50) 



V^7^^;f„.fo;Q.^V' 



R5 + R6 ' 



HoNl(f-0) = HoN2 f 



fCLK\ 



■ If; HoBP= - f,; HoLP= ,,Jff!R6r ""'^'''^ 



Figure 18. Mode lb: 2nd Order Filter Providing Notch, Bandpass, Lowpass 

1/2ML2110 




fo = 



_(CLK 



Vr5 + R6' "" °'^" R2Vr5 + R6' 



100(50) ^ 
HoNl(f-'0) = HoN2 (f-^) =-|f;HoLP = 

Figure 19. Mode Ic: 2nd Order Filter Providing Notch, Bandpass, Lowpass 
1/2ML2110 



loocsoT'^^'' R3S'"°'' "rT''^ 




fViN 



Figure 20. Mode Id: 2nd Order Filter Providing Bandpass and Lowpass for Qs Greater Than or Equal to 1 . 
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OPERATrON MODES (Continued) 
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f ^ ^CLK L R2.f fcLK . p^ R3 /. R2. u_, -^ - R2/R1 

° 100(50) V R4' " 100(50)'^ R2V R4' "'"'^ 1 + (R2/R4) 

HoBP=-R3/R1;HoNl(f-0)=-^^^^;HoN2 (^-^ ^) = " R2/R1 



Figure 21 . Mode 2: 2nd Order Filter Providing Notch, Bandpass, Lowpass 
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fCLK 
100(50) 



HoNl(f-0) = 



/.. , R2 , R6 .f ^ klK /, , R6 .r>^ R3 /. , R2 , R6 
V R4 R5 + R6' " 100(50) V R5 + R6'^ R2V R4 R5 + R 

_E2 I 1 + R6/(R5 + R6) 1 .„ (i-,kl^] - - R2/R1 

R1 jl + (R2/R4) + [R6/(R5+R6)]l ' "^^^ [^ ^ j - K2/K1 



HoBP= -R3/R1;HoLP = 



1 + (R2/R4) + [R6/(R5+R6)] 



Figure 22. Mode 2a: 2nd Order Filter Providing Notch, Bandpass, Lowpass 
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f = fCLK /R2 R6 ~. f ^ fCLK / R6 . q = M, /R2 R6 
° 100(50) VR4 R5 + R6' " 100(50) V R5 + R6 ' ^ R2VR4 R5 + R 

"0Mtf-»°-ff| <../KrrRJ(R5VR6), | '"ON. (<-%^) =-R2/R. 



HoBP= -R3/R1;HoLP = 



- R2/R1 

(R2/R4) + [R6/(R5 + R6)] 



Figure 23. Mode 2b: 2nd Order Filter Providing Notch, Bandpass, Lowpass 
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OPERATION MODES (Continued) 

In mode 3, Figure 24, a single resistor ratio (R2/R4) can 
tune the center frequency below or above the fcLK/1 00 (or 
fcLK/50) ratio. Mode 3 is a state variable configuration 
since it provides a highpass, bandpass, lowpass output 
through progressive integration; notches are obtained by 
summing the highpass and lowpass outputs (mode 3a, 
Figure 25). The notch frequency can be tuned below or 
above the center frequency through the resistor ratio (Rh/ 
R|). Because of this, modes 3 and 3a are the most versatile 
and useful modes for cascading second order sections to 
obtain high order elliptic filters. Figure 33, shows the 2 sec- 
tions connected in mode 3a to obtain a clock tunable 4th 
order sharp elliptic bandpass filter. The first notch is cre- 
ated by summing directly the HP and LP outputs of the first 
section into the inverting input of the second section op 
amp. The individual Q's are 29.6 and the filter maintains 
its shape and performance up to 20kHz center frequency, 
as shown in Figure 34. For this circuit an external op amp 
is required to obtain the 2nd notch. The dynamics of 
Figure 34 show that the amplitude response at each output 
pin does not exceed OdB. The gain in the passband 



depends on the ratio of (Rg/Rh2) x (R22/Rhi) x (R21 /R1 1 ). 
Any gain value can be obtained by acting on the (Rg/Rh2) 
ratio of the external op amp, the remaining ratios are 
adjusted for optimum dynamics of the output nodes. The 
external op amp of Figure 33 is not always required. In 
Figure 35, one section in mode 3a is cascaded with the 
other section in mode 2b to obtain a 4th order, 1 dB ripple, 
elliptic bandreject filter. The clock to center frequency 
ratio is adjusted to 200:1; this is done in order to better ap- 
proximate a linear R,C notch filter. The amplitude re- 
sponse of the filter is shown in Figure 36 with up to 1MHz 
clock frequency. The OdB bandwidth to the stop band- 
width ratio is 8/1 . When the filter is centered at 1 kHz, it 
should theoretically have a 44dB rejection with a 50Hz 
stop bandwidth. For a more narrow filter than the above, 
the unused BP output of the mode 2b section. Figure 35, 
has a gain exceeding unity which limits the dynamic range 
of the overall filter. For very selective band pass/band reject 
filters, the mode 3a approach as in Figure 25, yields better 
dynamic range since the external op amp helps to opti- 
mize the dynamics of the output nodes of the ML21 10. 



1/2ML2110 




^o = .J3^\IBQ= li\/5 HoHP= - R2/R1; HoLP= - R4/R1; Hobp= - f, 



100(50) VR4'^ R2VR4' 



Figure 24. Mode 3: 2nd Order Filter Providing Highpass^ Bandpass, Lowpass 
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HoNl(f-0)=|xff;HoN2 (f-^ 



R3/R1,HoLP = 



^xB2,.hoM. = .„) = q(|holp-^Hohp) 



Figure 25. Mode 3a: 2nd Order Filter Providing Highpass, Bandpass, Lowpass, Notch 
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OPERATION MODES (Continued) 
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f = fCLK /R2. o = ^ /S^- h 
° 100(50) VR4'^ R2VR4' 



2R' 



Figure 26. Mode 4a: 2nd Order Filter Providing Highpass^ Bandpass, Lowpass, Allpass 
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BP ^LP 

2(19) T^(20) 




•»= -r^'Q= §"°*-= - sf'"o^-= -'-'"o"" -^ (M) 



Figure 27. Mode 4: 2nd Order Filter Providing Allpass, Bandpass, Lowpass 
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OPERATION MODES (Continued) 
1/2ML2110 
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4 ^A/v o"", <:)VA, Olrr.n, Q 




^(£>]>n>' 



2(19) 



1(20) 



*C= Jnr?mi^ ? "OLP= - R3/R1; HoHP= - R2/R1 



lCLK_, f7TM.{ _ ^CLK 



,i-Sf;f. 



100(50) V R4' ^ 100(50) 



Rl.o= ^ 
R4' ^ R2 



l-fl'Q=§f^^ 



r,, _ R3 /, RT . L.^,« m (R4/R1)-1 . u^, /< fCLK\ R2. 
^^ = rT V^ " R4' "^^^^-^"^ = (R4/R2) + 1' "°^ r ^i = RT' 



MOBP ^2 l^ + R1 j ' "OLP ^ ^ (^2/R4) 



Figure 29. Mode 6a: 1st Order Filter Providing Highpass^ 
Lowpass 



Figure 28. Mode 5: 2nd Order Filter Providing 
Numerator Complex Zeros^ Bandpass^ Lowpass 
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2(19) Tl(20) 




*^'immi'"°'"'""°'''--¥2 



LP 

2(19) Yiao) 




HoLP = 2x| 



^P= l^^|l^^^^= l»^'-^^'^^^°^^^^^ = ^ ^«««^^^ ¥ 



Figure 30. Mode 6b: 1st Order Filter Providing Lowpass 



Figure 31 . Mode 7: 1 st Order Filter Providing Allpass^ 
Lowpass 
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OPERATION MODES (Continued) 




>VoUT 



riORCMOSCLKIN 



PRECISE RESISTOR VALUES 
R11= 149.55k R12 = 44.1k 

R21= 4.988k R22 = 4.999k 

R31 = 149.73k R32 = 143.5k 

R51= 2.538k R52 = 2.498k 

R61= 2.495k R62 = 4.331k 
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Figure 32. Cascading the 2 sections connected in mode lb to obtain a clock tunable 4th order IdB ripple 
bandpass Chebyshev filter with (center f requency)/(Ripple Bw) = 20/1 . 



R11 
V|N — WAr-^ 




RESISTOR VALUES 

R11 = 155.93k R21=5k R31 = 152k R41= 5.27k 

Rhl = 13.2k R|i = 10.74k R22 = 5.26k R32 = 151.8k 

R42 = 5k R|2 = 6.11k Rh2 = 5k Rg = 37.3k 

NOTE: FOR CLOCK FREQUENCIES ABOVE 700kHz A 12pF CAPACITOR ACROSS R41 AND A 20pF 
CAPACITOR ACROSS R42 WERE USED TO PREVENT THE PASSBAND RIPPLE FROM ANY 
ADDITIONAL PEAKING. 

Figure 33. Combining mode 3 with mode 3a to make the 4th order BP filter of Figure 34 with improved 
dynamics. The gain at each node is <OdB for all input frequencies. 
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OPERATION MODES (Continued) 
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Figure 34. The BP filter of Figure 33, when swept from a 2kHz to 20kHz center frequency. 
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RESISTOR VALUES 
R21 = 5k 
Rhi = 5k 
R62 = 1.59k 
R42 = 503.85k 



R31= 54.75k 
R|1 = 19.3k 
R22 = 60k 
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Figure 35. Combining mode 3 with mode 2b to create a 
4th order BP elliptic filter with IdB ripple and a ratio of 
Odb to stop bandwidth equal to 8/1 . 



Figure 36. Amplitude Response of the Notch Filter of 
Figure 35. 
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OFFSETS 

Switched capacitor integrators generally exhibit higher in- 
put offsets than discrete R,C integrators. 

These offsets are mainly the charge injection of the CMOS 
switches into the integrating capacitors. The internal op 
amp offsets also add to the overall offset budget. 

Figure 37 shows half of the ML21 10 filter with its equiva- 
lent input offsets Vqsi, Vos2/ Vos3- 

The DC offset at the filter bandpass output is always equal 
to Vos3- The DC offsets at the remaining two outputs 



(Notch and LP) depend on the mode of operation and ex- 
ternal resistor ratios. Table 3 illustrates this. 

It is important to know the value of the DC output offsets, 
especially when the filter handles input signals with large 
dynamic range. As a rule of thumb, the output DC offsets 
increase when: 

1. The Q's decrease 

2. The ratio (fcLK/U increases beyond 100:1 . This is done 
by decreasing either the (R2/R4) or the R6/(R5 + R6) 
resistor ratios. 




Figure 37. Equivalent Input Offsets of 1/2 ML21 10 Filter 
Table 3 



MODE 


Vqsn 
PIN 3 (18) 


Vqsbp 
PIN 2 (19) 


Vqslp 
PIN 1 (20) 


1,4 


Vosi[(l/Q) + 1+llHoLpll]-Vos3/Q 


VoS3 


VoSN-VoS2 


la 


Vosi[i+(i/Q)]-Vos3/Q 


VoS3 


VoSN-VoS2 


lb 


Vosi[(i/Q) + i + R2/Ri]-Vos3/Q 


VoS3 


-(VosN-Vos2)(l+R5/R6) 


Ic 


Vosi[(l/Q) + l + R2/Rl]-Vos3/Q 


VoS3 


,^, „ , (R5 + R6) 
-(VosN-Vos2)(^3^2R6) 


Id 


Vosi[i+R2/Rl] 


VoS3 


VoSN-VoS2-Vos3/Q 


2,5 


[Vosi (1 + R2/R1 + R2/R3 + R2/R4) - Vos3(R2/R3)] x 
[R4/(R2 + R4)] + Vos2 [R2/(R2 + R4)] 


VoS3 


VoSN-VoS2 


2a 


[Vosi (1 + R2/R1 + R2/R3 + R2/R4) - Vos3 (R2/R3)] x 
R4(l+k) 1 V f ^^ 1 -I— ^^ 


VoS3 


,„ „ , (R5 + R6) 
-(VoSN-Vos2)(^3^2R6) 




R2 + R4(1+k) ' """ |R2-hR4(1+k)J '^ R5 + R6 




2b 


[Vosi (1 + R2/R1 + R2/R3 + R2/R4) - Vos3 (R2/R3)] x 
[ "^^^ 1 iV-,; ^^ -V- ^^ 


VoS3 


~(VosN-Vos2)(1+R5/R6) 




lR2 + R4kJ ■ '^^^ R2 + R4k '^ R5 + R6 




3,4a 


VoS2 


VoS3 





ORDERING INFORMATION 





TEMPERATURE 




PART NO. 


RANGE 


PACKAGE 


ML2110BCP 


0°Cto70°C 


Molded DIP 


ML2110CCP 


0°Cto70°C 


Molded DIP 


ML2110BCS 


0°Cto70°C 


Molded SOIC 


ML2110CCS 


0°Cto70°C 


Molded SOIC 


ML2110BIJ 


-40°Cto+85°C 


Hermetic DIP 


ML2110CIJ 


-40°Cto+85°C 


Hermetic DIP 


ML2110BMJ 


-55°Cto+125°C 


Hermetic DIP 


ML2110CMJ 


-55°Cto+125°C 


Hermetic DIP 
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Universal Hi-Frequency Dual Filter 



GENERAL DESCRIPTION 

The ML21 1 1 consists of two independent switched capaci- 
tor filters that operate up to 1 50kHz. These filters perform 
second order functions, such as lowpass, bandpass, high- 
pass, notch and allpass. All filter configurations, including 
Butterworth, Bessel, Cauer and Chebyshev can be formed. 

The center frequency of these filters are tuned by an ex- 
ternal clock or the external clock and a resistor ratio. 

The ML21 1 1 frequency range up to 1 50kHz is specified 
with ±5.0V±107o power supplies. Using a single 
5.0V ±10% power supply the frequency range is up to 
100kHz. 

These filters are ideal where center frequency accuracy 
and high Qs are needed. 

The ML21 11 is a pin compatible superior replacement for 
MF10, LMF100, and LTC1 060 filters. 



FEATURES 

■ Guaranteed frequency range to 150 kHz 

■ Center frequency x Q product < 5 MHz 

■ Separate highpass, notch, allpass, bandpass, and 
lowpass outputs 

■ Center frequency accuracy ±0.4% or ±0.87o max 

■ Q accuracy ±4%, or ±8% max 

■ Clock inputs TTL or CMOS compatible 

■ Single 5V(±2.25V) or ±5V ±10% supply operation 
guaranteed 

■ 0°Cto +70°C, -40°Cto -h85°C, -55°Cto +125°C 
operating temperature range 

■ Standard 0.3'' 20-pin DIP or 20-pin small outline 
(SOIC) package 



BLOCK DIAGRAM 



PIN CONNECTIONS 
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PIN DESCRIPTION 










PIN NO. 


NAME 


FUNCTION 


PIN NO. 


NAME 


FUNCTION 


1 


LPa 


Lowpass output for 
biquad A. 


12 


50/100/HOLD 


Input pin to control the 
clock to center 


2 


BPa 


Bandpass output for 
biquad A. 






frequency ratio of 50:1 or 
100:1, or stops the clock 


3 


N/AP/HPa 


Notch/allpass/highpass 
outputfor biquad A. 






to hold the last sample of 
the bandpass or lowpass 


4 


INVa 


Inverting input of the 






outputs. 






summing op amp for 


13 


Vd- 


Negative digital supply. 






biquad A. 


14 


Va- 


Negative analog supply. 


5 


SIa 


Auxiliary signal input pin 


15 


AGND 


Analog ground. 






used in modes la, Id, 4, 


16 


SIb 


Auxiliary signal input 






5, and 6b. 






used in modes la. Id, 4, 


6 


Sa/b 


Controls S2 input 






5, and 6b. 






function. 


17 


INVb 


Inverting input of the 


7 


Va + 


Positive analog supply. 






summing op amp for 


8 


Vd + 


Positive digital supply. 






biquad B. 


9 


LSh 


Reference point for clock 
input levels. Logic 


18 


N/AP/HPb 


Notch/allpass/highpass 
outputfor biquad B. 






threshold typically 1.4V 


19 


BPb 


Bandpass output for 






above LSh voltage. 






biquad B. 


10 


CLKa 


Clock input for biquad A. 


20 


LPb 


Lov^pass output for 


11 


CLKb 


Clock input for biquad B. 






biquad B. 



ABSOLUTE MAXIMUM RATINGS 

(Notel) 

Supply Voltage 

|Va+|, |Vd+|-|Va-|, |Vd-| 13V 

Va + , Vd+ to LSh 13V 

Inputs |Va + , Vd+ I +0.3Vto |Va-, Vp- | -0.3V 

Outputs |Va + , Vd + I +0.3V to |Va-, Vd- I -0.3V 

|Va+ I to iVD+ I ±0.3V 

Power Dissipation 750mW 

Storage Temperature Range -65°Cto 150°C 

Lead Temperature (soldering, 10 sec) 300°C 



OPERATING CONDITIONS 



Temperature Range (Note 2) 
ML2111BCP,ML2111CCP, 

ML21 1 1 BCS, ML21 1 1 CCS 0°C to 70°C 

ML21 1 1 BIJ, ML21 1 1CIJ -40°C to +85°C 

ML21 1 1 BMJ, ML21 1 1CMJ - 55°C to + 125°C 

Supply Voltage Range ±2.25Vto ±6.0V 



ELECTRICAL CHARACTERISTICS 

Unless otherwise specified Ta = Tmin to TmaX/Va+=Vd+=5V±107o,Va-=Vd- = -5V± 10%, CL = 25pF,V|N = 1.41 VpK 
(1 .00 Vrms)/ Clock Duty Cycle 45% to 55%. 





NOTES 


CONDITIONS 


ML2111B 


ML2111C 




PARAMETER 


MIN 


TYP 
NOTE 3 


MAX 


MIN 


TYP 
NOTES 


MAX 


UNITS 


Filter 


fo, Center Frequency 
Maximum 


5,6 


Figure 15 (Model) 
Vin = 1Vpk(.707Vrms) 
Q < 50, Q Accuracy < ±257o 
Q<20,Q Accuracy <±157o 






100 
150 






100 
150 


kHz 
kHz 


fo, Center Frequency 
Minimum 


5,6 


Figure 15 (Model) 

Q < 50, Q Accu racy < ± 307o 

Q < 20, Q Accu racy < + 1 5 7o 


25 
25 






25 
25 






Hz 
Hz 


fo. Temperature 
Coefficient 




fcLK<5MHz 




-10 






-10 




ppm/°C 


Clock to Center 
Frequency Ratio 


4 
4 


Q=10 

Figure 15 (Model) 
50:1,fcLK = 5MHz 
100:1, fcLK = 5MHz 


49.65 
99.60 


49.85 
100 


50.05 
100.40 


49.45 
99.20 


49.85 
100 


50.25 
100.80 
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ELECTRICAL CHARACTERISTICS (Continued) 

Unless otherwise specified Ta = Tmin to Tma)o Va+ = Vd+ = 5V + 10%, Va- = Vq- = -5V ± 10%, Cl = 25pF, 
V|N = 1.41VpK (1.00 Vrms)/ Clock Duty Cycle 50% (Note 8). 



PARAMETER 



NOTES 



CONDITIONS 



ML2111B 



MIN 



TYP 
NOTE 3 



MAX 



ML2111C 



MIN 



TYP 
NOTES 



MAX 



UNITS 



Filter (Continued) 



Clock Frequency 


5 


Q < 20, Q Accuracy < ± 1 5% 


2.5k 




7.5M 


2.5k 




7.5M 


Hz 


Clock Feedthrough 


5 


fCLK^SMHz 




10 


20 




10 


20 


mV(p-p) 


Q Accuracy 


4 


fcLK = 5MHz,Q = 10 


50:1 






±3 






±5 


7o 






Figure 15 (Model) 


100:1 






±4 






±8 


% 


Q Temperature 


5 


fcLK<5MHz,Q = 10 




20 






20 




ppm/°C 


Coefficient 




















DC Offset 




50:1,fcLK = 5MHz 
















VoS2,3 


4 


SA/BHigh 




7 


40 




7 


60 


mV 


VOS 2, 3 


4 


Sa/b Low 




7 


40 




7 


60 


mV 


DC Offset 




100:1, fcLK = 5MHz 
















VoS2,3 


4 


Sa/b High 




14 


60 




14 


100 


mV 


V0S2,3 


4 


Sa/b Low 




14 


60 




14 


100 


mV 


Gain Accuracy 




















DC Lowpass 


4 


Rl=20k, R2 = 2k, R3 = 20k 




0.01 


2 




0.01 


2 


% 


Bandpass at fo 


4 


100:1, fo = 50kHz,Q= 10 




1 


4 




1 


6 


7o 


DC Notch Output 


5 






0.02 


2 




0.02 


2 


% 


Noise 


7 


Figure 15 (Model) 
Q=1,R1=R2 = R3 = 2k 
Bandpass, 100kHz, 50:1 

50kHz, 100:1 
Lowpass, 100kHz, 50:1 

50kHz, 100:1 
Notch, 100kHz, 50:1 

50kHz, 100:1 




103 
121 
120 
150 
115 
135 






103 
121 
120 
150 
115 
135 




/tVRMS 

/aVrms 
/*Vrms 
/aVrms 
/^Vrms 

/iVRMS 




Figure 15 (Model) 




















Q=10,R1=R3 = 20k,R2 = 2k 




















Bandpass, 100kHz, 50:1 




262 






262 




AiVrmS 






50kHz, 100:1 




333 






333 




/aVrmS 






Lowpass, 100kHz, 50:1 




268 






268 




/aVrms 






(R1=2k) 50kHz, 100:1 




342 






342 




/iVRMS 






Notch, 100kHz, 50:1 




64 






64 




/aVrmS 






(R1=2k) 50kHz, 100:1 




72 






72 




/aVrms 


Crosstalk 




fcLK = 5MHz,fo = 100kHz 




-50 






-50 




dB 



Filter, Va + = Vp + = 2.25V, Va - = Vp - = - 2.25V, Vin = 0.707 Vpk (0.5 Vrms) 



fo. Center Frequency 
Maximum 


5 


Figure 15 (Mode 1) 

Q < 50, Q Accuracy < ± 30% 

Q < 20, Q Accu racy < + 1 5 % 






75 
100 






75 
100 


kHz 
kHz 


fo, Center Frequency 
Minimum 


5 


Figure 15 (Model) 

Q < 50, Q Accuracy < ± 30% 

Q < 20, Q Accu racy < ±15% 


25 
25 






25 
25 






Hz 
Hz 


Clock to Center 
Frequency Ratio 


4 
5 


Q = 10 

Figure 15 (Model) 
50:l,fcLK = 2.5MHz 
100:1, fcLK = 2.5MHz 


49.65 
99.60 


49.85 
100 


50.05 
100.40 


49.45 
99.20 


49.85 
100 


50.25 
100.80 




Clock Frequency 


5 


Q < 20, Q Accuracy < ± 1 5% 


2.5k 




5M 


2.5k 




5M 


Hz 


Q Accuracy 


4 


fcLK=2.5MHz,Q=10 
Figure 15 (Model) 


50:1 






±4 






±8 


% 




100:1 




±3 






±6 




% 
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ELECTRICAL CHARACTERISTICS (Continued) 

Unless otherwise specified Ta = Tmin to TmaX/ Va+ = Vd+ = 5V + 10%, Va- = Vq- = -5V ± 10%, Cl = 25pF, 
V|N = 1.41VpK (1.00 Vrms), Clock Duty Cycle 50% (Note 8). 



PARAMETER 



NOTES 



CONDITIONS 



ML2111B 



MIN 



TYP 
NOTE 3 



MAX 



ML2111C 



MIN 



TYP 
NOTE 3 



MAX 



UNITS 



Filter, Va+ =Vd+ =- 


2.25V, Va - = Vd - = - 2.25V, Vin = 0.707 Vrk (0.5 Vrms) (Continued) 










Noise 


7 


Figure 15 (Model) 
Q=1,R1=R2 = R3 = 2k 
Bandpass, 100kHz, 50:1 

50kHz, 100:1 
Lowpass, 100kHz, 50:1 

50kHz, 100:1 
Notch, 100kHz, 50:1 

50kHz, 100:1 




105 
123 
122 
152 
117 
138 






105 
123 
122 
152 
117 
138 




jwVrms 
/aVrms 
jwVrms 
jwVrms 
^Vrms 

A*VrmS 




Figure 15 (Model) 




















Q = 10,R1=R3 = 20k,R2 = 2k 




















Bandpass, 100kHz, 50:1 




265 






265 




i^VRMS 






50kHz, 100:1 




335 






335 




jwVrmS 






Lowpass, 100kHz, 50:1 




270 






270 




/aVrms 






(R1=2k) 50kHz, 100:1 




245 






245 




^Vrms 






Notch, 100kHz, 50:1 




65 






65 




mVrms 






(R1=2k) 50kHz, 100:1 




73 






73 




/^Vrms 



Operational Amplifiers and Power Supply 



Vos DC Offset 


4 






2 


15 




2 


15 


mV 


DC Open Loop Gain 




RL=1k 




95 






95 




dB 


Gain Bandwidth 
Product 








2.4 






2.4 




MHz 


Slew Rate 








2.0 






2.0 




V/iis 


Output Voltage 
Swing 
(Clipping Level) 


5 


RL = 2k, IVlfromVA+orVA- 




0.5 


1.2 




0.5 


1.2 


V 


Output Short Circuit 
Current 




Source 
Sink 




50 

25 






50 
25 




mA 
mA 



Power Supply And Clock 



Supply Current 


4 


fcLK = 5MHz 
















(iA + ) + (iD + ) 








13 


22 




13 


22 


mA 


(lA-) + (lD-) 








12 


21 




12 


21 


mA 


Ilsh 








0.5 


1 




0.5 


1 


mA 


VcLK Input Threshold 


4 


fCLK=5MHz 


Low 
High 


3.0 




0.6 


3.0 




0.6 


V 
V 




5 


fcLK<2.5MHz 


Low 
High 


2.0 




0.8 


2.0 




0.8 


V 
V 


CLKA, CLKB Pulse 


5, 8 


CLK High or 
CLK Low 


Vd+ -Vd-|>4.5V 


100 






100 






ns 


Width 


Vd+ - Vd-|>9.0V 


66 






66 






ns 



Note 1: 
Note 2: 



Note 3: 
Note 4: 
Note 5: 
Note 6: 
Note 7: 

Note 8: 



Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 

specified are measured with respect to ground. 

-55°C to +125°C operating temperature range devices are 100% tested at temperature extremes with worst-case test conditions. 0**C to 

70°C and -40°C to +85°C operating temperature range devices are 100% tested with temperature limits guaranteed by 100% testing, 

sampling, or by correlation with worst-case test conditions. 

Typicals are parametric norm at 25''C. 

Parameter guaranteed and 100% production tested. 

Parameter guaranteed. Parameters not 100% tested are not in outgoing quality level calculation. 

Center frequency is defined as the peak of the bandpass output. 

The noise is measured with the HP8903A audio analyzer with a bandwidth of 750kHz which is 7.5 times the fo at 50:1 and 15 times 

the fo at 100:1. 

For best performance with f^L^ ^ 2.5MHz use a 50% duty cycle. 
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FUNCTIONAL DESCRIPTION 

POWER SUPPLIES 

The analog (Va + ) and digital (Vd + ) supply voltage pins 
should be tied together and bypassed to AG ND with at 
least a 0. VF and a 0.0 VF disc ceramic capacitor. If high 
digital noise exists, the supply pins can be bypassed sepa- 
rately. The ML21 1 1 positive analog and positive digital 
supply pins are internally connected by the IC substrate 
and should be biased from the same DC source. The 
ML21 1 1 negative analog and negative digital supply are 
not connected internally, however they should be biased 
from the same DC source and bypassed with at least a 
O.ljLtF and a 0.0 VF disc ceramic capacitor. 

The ML21 1 1 operates with a single supply from 4V to 1 2V 
and with split supplies from ± 2.0V to ±6V. 

CLOCK INPUT PINS AND LEVEL SHIFT 

With dual supplies equal to or higher than ± 4.0V, the 
level shift (LSh) pin 9 can be connected to the same 
potential asthe AGNDor Va- pin. With single supply 
operation, the negative supply pins and the LSh pin should 
be tied to the system ground. The AGND, pin 1 5, should 
be biased at 1/2 supplies. Under these conditions, the 
clock levels are TTL or CMOS. The input clock pins 
(10, 11) share the same level shift pin. 

50/100/HOLD(Pin12) 

By tying pin 12 to (Va + , Vd + ) the filter operates in the 
50:1 mode. By tying pin 12 to 1/2 of the voltage supplies 
(AGND potential), the ML21 1 1 operates in the 100:1 
mode. The range of pin 12 without affecting the 100:1 
filter operation with total supply voltage of + 5V is 
2.5 + 0.5V; + 10V is 5V + 0.5V. When pin 12 is tied to the 
negative supply pin, the filter operation is stopped and the 
bandpass and iowpass outputs act as an S/H circuit hold- 
ing the last sample. 

SI A/ SIb/ (Pins 5 and 16) 

These are the auxiliary voltage signal input pins always con- 
nected to one of the negative inputs of the voltage summer 
(the other negative input switches between LPo and AGND 
according to control pin Sa/b (pin 6). The positive input of 
the voltage summer is always connected to N/AP/HP pin of 
the corresponding section. They should be driven with a 
source impedance below 5kfor fcLK<2.5MHz and 1 k to 2k 
forfcLK>2.5MHz. TheSiA, SIb pins can be used to alter 
the clock to center frequency ratio (fcLK/U of the filter (see 
modes 1 b, 1 c, 2a, 2b) or to feedforward the input signal for 
all pass filter configurations (see modes 4 and 5). They can 



also be used, as in mode 1 d to avoid the finite phase shift 
through the input amplifier, hence allowing higher operat- 
ing frequencies. When these pins are not used, they should 
be tied to the AG N D pi n . 

Sa/b (Pin 6) 

When Sa/b 's high, the S2 negative input of the voltage 
summer is tied to the Iowpass output. When the Sa/b P'i^ 's 
connected to the negative supply, the S2 input switches to 
ground. 

AGND (Pin 15) 

AGND is connected to the system ground for dual supply 
operation. When operating with a single positive supply, 
the analog ground pin should be tied to 1/2 of the supply 
and bypassed with a 0. 1 ^F and a 0.01 fiF disc ceramic 
capacitor. The positive inputs of the internal op amps and 
the reference point of the internal switches are connected 
to the AGND pin. 

fcLK/fo RATIO 

The ML21 1 1 is a sampled data filter and approximates 
continuous time filters. The filter deviates from its ideal 
continuous filter model when the (fcLK/U ""atio decreases 
and when the Qs are low. 

foXQ PRODUCT RATIO 

The foXQ product of the ML21 1 1 depends on the clock 
frequency and the mode of operation. For clock frequen- 
cies below 5MHz, in mode 1 and its derivatives, the 
foXQ product is mainly limited by the desired foand Q 
accuracy. For the same clock frequency and for the same 
Q value the foXQ product can be further increased if the 
clock to center frequency ratio is lowered below 50:1 . 

Mode 3, Figure 23, and the modes of operation where R4 
is finite, are "slower" than the basic mode 1. The resistor 
R4 places the input op amp inside the resonant loop. The 
finite GBW of this op amp creates an additional phase shift 
and enhances the Q value at high clock frequencies. 

OUTPUT NOISE 

The wideband RMS noise of the ML21 1 1 outputs is nearly 
independent from the clock frequency provided that the 
clock itself does not become part of the noise. The noise 
at the BP and LP outputs increases for high Qs. 
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TYPICAL PERFORMANCE CURVES 
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Figure lA. fciK/fo vs. fcLK (50:1, Vs = ± 5V) 
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Figure 1 B. fcLK/^o vs. fcLK (100:1, Vs = ± 5V) 
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Figure 1C. fcLK/^o vs. fciK (50:1, Vs = ± 2.5V) 
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FigurelD. fcLK/^o vs. fcLK 000:1, Vs= ±2.5V) 
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Figure 2A. fcLK/^o Deviation vs. Temperature (50:1, 

Vs=±5V) 
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Figure 2B. fcLK/^o Deviation vs. Temperature (100:1, 

Vs=±5V) 
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Figure 2C. fcLK/^o Deviation vs. Temperature (50:1, 

Vs=±2.5V) 
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Figure 2D. fciK/fo Deviation vs. Temperature (100:1, 

Vs-±2.5V) 
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TYPICAL PERFORMANCE CURVES (Continued) 
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Figure 2E. Q Error vs. fcLK (50:1, Vs = ± 5V) 
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Figure 2F. Q Error vs. fciK 000:1, Vs= ±5V) 
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Figure 2G. Q Error vs. fciK (50:1, Vs = ± 2.5V) 
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Figure 3A. Q Deviation vs. Temperature (50:1, Vs = ± 5V) 
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Figure 3C. Q Deviation vs. Temperature (50:1, 

Vs= ±2.5V) 
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Figure 4A. fcLK/^o Deviation vs. Q (Vs = ± 5V) 



Figure 4B. fcLk/^NOTCH Deviation vs. Q (Vs = ± 5V) 
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Figure 5A. Q Deviation vs. Q (50:1, Vs = ± 5V) 



Figure 5B. Q Deviation vs. Q (100:1, Vs = ± 5V) 
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Figure 6A. Distortion vs. fiN (50:1, Vs = ± 5V) 



Figure 6B. Distortion vs. fiN (100:1, Vs = ± 5V) 
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Figure 7A. Noise Spectrum Density (Q = 1) 



Figure 7B. Noise Spectrum Density (Q = 10) 
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FILTER FUNCTION DEFINITIONS 

Each filter of the ML21 1 1 with an external clock and resis- 
tors approximates 2nd order filter functions. These are 
tabulated below in the frequency domain. 

1 . Bandpass function: available at the bandpass output 
pins (2, 19), Figure 12. 

^ (s) = HoBP -1— — jzr: j- 

HqbP'^G^''^ at co = a)o 

fo = coo/27r; fo is the center frequency of the com- 
plex pole pair, fo is measured as the peak fre- 
quency of the bandpass output. 

Q = Qualityfactorofthe complex pole pair. It is the 
ratio of fo to the -3dB bandwidth of the 2nd 
order bandpass function. The Q is always 
measured at the filter BP output. 

2. Lowpass function: available at the LP output pins 
(1,20), Figure 13. 



G(s) = HoLp- 



OJo 



S^ + s(cOo/Q) + Wo 
HoLP= DC gain of the LP output. 

3. Highpass function: available only in mode 3 at the out- 
put pins (3, 18), Figure 14. 



^ HoBP 

Z 0.707 HoBP 

(J 



BANDPASS OUTPUT 




fL fo fH 
f(LOG SCALE) 



■fH-fL' 



;fo = VfLfH 



<^M^*MF^ 



Figure 12 



> Hop 

E HOLP 

Z 0.707 HoLP 



LOWPASS OUTPUT 



k 



fp fc 
f(LOG SCALE) 



♦-'- \/F5WF^^ 



G(s) = HoHP 



s^ + s(wo/Q) + co^ 



HoHP = gainofthe HP output for f— 



fcLK 



4. Notch function: available at pins 3 (1 8) for several 
modes of operation. 

(s' + CO^n) 



G(s) = (HoN2) 



S^ + S(c0o/Q)+Wo 



HoN2 = gainofthe notch output for f— —^ 

Hqni =gain of the notch output for f—0 

i^ = con/27r; fp is the frequency of the notch 
occurrence. 

5. Allpass function: available at pins 3(18) for mode 4, 4a. 

[s'-s(a;o/Q) + Wo] 



G(s) = HoAP 



s^ + s(a)o/Q) + w^ 



HoAP = ga'nofthe allpass output for 0<f< 



CLK 



For allpass functions, the center frequency and the Q of 
the numerator complex zero pair is the same as the 
denominator. Under these conditions, the magnitude re- 
sponse is a straight line, in mode 5, the center frequency 
fz, ofthe numerator complex zero pair, is different than fo. 
For high numerator Q's, the magnitude response will have 
a notch atfz. 



'-'"nA^ 



2Q' 



HoP=HoLPX - 



^ Hop 

> HoHP 

Z 0.707 HoHP 



Figure 13 
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Figure 14 
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OPERATION MODES 



Table 1 . 1 st Order Functions 



MODE 


PIN 2 (19) 


PIN 3 (18) 


fc 


h 


6a 


LP 


HP 


fcLK R2 

100(50) R3 




6b 


LP 


LP 


fcLK ^ R2 
100(50) R3 




7 


LP 


AP 


^CLK ^ R2 
100(50) R3 


fcLK ^, R2 

100(50) R3 



Table 2. 2nd Order Functions 



MODE 


PIN 1 (20) 


PIN 2 (19) 


PIN 3 (18) 


fo 


fN 


1 


LP 


BP 


Notch 


^CLK 

100(50) 


fo 


la 


LP 


BP 


BP 


^CLK 

100(50) 




lb 


LP 


BP 


Notch 


^CLK . / R6 


TCLK . / R6 




100(50) '^ V ' R5 + R6 


100(50) " V ' R5 + R6 


1c 


LP 


BP 


Notch 


^CLK . / R6 


^CLK . / R6 




100(50) '^V R5 + R6 


100(50) "V R5 + R6 


Id 


LP 


BP 




fcLK 

100(50) 




2 


LP 
LP 
LP 


BP 
BP 
BP 


Notch 
Notch 
Notch 


100(50) V R4 
fcLK ., /, R2, R6 


^CLK 

100(50) 


2a 


^CLK . / R6 




100(50) ^ V" ' R4' R5 + R6 
fcLK . /R2 R6 


100(50) ^ V ' R5 + R6 


2b 


^CLK . / R6 




100(50) ''VR4 ' R5 + R6 


100(50) ^^l R5 + R6 


3 


LP 


BP 


HP 


fcLK ,, /R2 
100(50) VR4 




3a 


LP 


BP 


Notch 


fcLK ., /R2 
100(50) ^V R4 


100(50) V Ri 


4 


LP 


BP 


AP 


fcLK 

100(50) 




4a 


LP 


BP 


AP 


fcLK .. /R2 






LP 


BP 


C.Z 


100(50) "VR4 




5 


100(50) V R4 


tCLK / RI 

100(50) V R4 
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OPERATION MODES (Continued) 



There are basically three modes of operation: mode 1, mode 
1, mode 3. In the mode \, Figure 15, the input amplifier is 
outside the resonant loop. Because of this, mode 1 and its 
derivatives (mode 1a, lb, 1c, Id) are faster than modes 2 and 
3. The table below gives an approximation of the frequency 
range for each mode. 



Model* 


High Frequency Mode 


1, la, Id 
lb, 1c 


fo up to 150 l<Hz; Q up to 20** 
foupto100l<Hz;Qupto30 


Mode 2 


Flexible for Notches 


2, 2a, 2b 


fo up to 30 kHz; Q up to 30 


Mode 3 


Most Flexible/ Low Component Count 


3,3a 


fo up to 30 kHz; Q up to 30 



* Q and fg have an inverse relationship This table is only an 

appfoximation Actual performance depends on board layout and stray 
capacitance. 

** 15% of less Q deviation Higher Q's can be realized with greater 
deviation 

Mode la. Figure 16, represents the most simple hook-up 
of the ML21 1 1 . Mode 1 a is useful when voltage gain at the 
bandpass output is required. The bandpass voltage gain, 
however, is equal to the value of Q, and a second order, 
clock tunable, BP resonator can be achieved with only 2 
resistors. The filter center frequency directly depends on 
the external clock frequency. For high order filters, 
mode la is not practical as it requires several clock fre- 
quencies to tune the overall filter response. 



Mode 1 a is a good choice when Butterworth filters are de- 
sired since they have poles in a circle with the same fo- 
Figure 31 shows an example of a 4th order 100kHz low- 
pass Butterworth filter clocked at 5MHz. 

A monotonic passband response with a smooth transition 
band results, showing the circuit's low sensitivity, even 
though 1 % resistors are used which result in an approxi- 
mate value of Q. 

Mode 1 , Figure 1 5, provides a clock tunable notch. 
Mode 1 is a practical configuration for second order clock 
tunable bandpass/notch filters. In mode 1 , ^ bandpass out- 
put with a very high Q, together with unity gain, can be 
obtained with the dynamics of the remaining notch and 
lowpass outputs. Figure 32 is an example of a 4th order 
bandpass filter implemented by cascading 2 sections each 
with a Q of 1 0. This figure shows the amplitude response 
when fcLK= 7.5MHz resulting in a center frequency of 
1 50kHz and a Q of 15.5. 

Modes lb and 1c, Figures 17, 18 are similar. They both 
produce a notch with a frequency which is always equal to 
the filter center frequency. The notch and the center fre- 
quency can be adjusted with an external resistor ratio. 

The clock to center frequency ratio range is: 



500 fcLK 100 50 

>^=^> or—; mode 1c 

1 fo 1 1 



100 50 fcLK 

or — >-^^^s 

1 1 fo 



^00 50 . . 

— 7=- or — 7=-; mode 1 b 

V2 V2 



1/2ML2111 




^°=1^'^"=^°'"«^'' = 



-^;HoBP=-f?;HoNi=-|f;Q=§ 



NOTE: ELECTRICAL TESTING IS PERFORMED 
WITH FOLLOWING RESISTOR VALUES: 
Q = 1WITHR1 = R2 = R3 = 2k 
Q = 10 WITH R1 = R3 = 20k, R2 = 2k 

Figure 15. Mode 1: 2nd Order Filter Providing Notch, 
Bandpass, Lowpass 



The input impedance of the SI pin is clock depend- 
ent, and in general R5 should not be larger than 5k for 
fcLK<2.5MHzand1kto2kforfcLK>2.5MHz. Modelb 
can be used to increase the clock to center frequency ratio 
beyond 100:1. For this mode, the limit for the (fcLK/W ratio 
is 500:1 . Beyond this, the filter will exhibit large output off- 
sets. Mode 1 d. Figure 1 9, is the fastest mode of operation: 
In the 50:1 mode center frequencies beyond 1 50kHz can 
easily be achieved. Figure 33 is an example using mode Id 
of a 4th order filter where each section has a Q of 1 in- 
dependent of resistor ratios. In this mode the input ampli- 
fier is outside the damping (Q) loop. Therefore, its finite 
bandwidth does not degrade the response at high fre- 
quency. This allows the amplifier to be used as an anti- 
aliasing and continuous smoothing filter by placing a 
capacitor across R2. 

Modes 2, 2a, and 2b have a notch output which fre- 
quency, fp, can be tuned independently from the center 
frequency, fo- For all cases, however, fn <fo- These modes 
are useful when cascading second order functions to cre- 
ate an overall elliptic highpass, bandpass or notch re- 
sponse. The input amplifier and its feedback resistors (R2/ 
R4) are now part of the resonant loop. Because of this, 
mode 2 and its derivatives are slower than mode 1 's. 
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OPERATION MODES (Continued) 



1/2ML2111 

V|N 



1/2ML2111 



R3 
_-VSAr- 

R2 



SlA 

506) 



K£H>i>' 





HoBP2 = 1(NONINVERTING);HoLP= -1 



f - <^CLK L , R6 . f f . r, _ R3 /, , R6 . 
^°- 100(50) V ■" ^5TR6"'*" = *°'^- R2 V ■" "R5TR6^' 

HoNt(f-0) = HoN2 (f-^) =-^;HoBP=-f5;HoLP=-^:^-f^;R5<5kQ 



Figure 16. Mode la: 2nd Order Filter Providing 
Bandpass^ Lowpass 



Figure 17. Mode lb: 2nd Order Filter Providing Notch, 
Bandpass, Lowpass 



1/2ML2111 




f _ fCLK / R6 ,f _f .r,_ R3 / R6 . 
*°~ 100(50) VR5 + R6'^""^°'^" R2VR5 + R6' 



HoNl(f--0) = HoN2 (f-^^) =-^;HoLP=^^^^^ 



Figure 18. Mode 1c: 2nd Order Filter Providing Notch, Bandpass, Lowpass 
1/2ML2111 



R3b R3a 



*°=l00(50r'^^''R3S'"°''^ " RT^^ 



HoLP=-|f;VN=-^V,N 



Figure 19. Mode Id: 2nd Order Filter Providing Bandpass and Lowpass for Qs Greater or Equal to 1 
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OPERATION MODES (Continued) 



1/2ML2111 




To- inrt/cn\ \/' + iTi'^n- inn/cm 'V 



100(50) V R4' " 100(50) ' ^ R2 V R4' "'^'^ 1 + (R2/R4) 
R2/R1 



HoBP= -R3/R1; HoNi(f-'0) = 



1+(R2/R4)-'"«^2 (*-*¥) --"^^/Rl 



Figure 20. Mode 2: 2nd Order Filter Providing Notch, Bandpass, Lowpass 



1/2ML2111 




fCLK 
100(50) V'" R4 " R5 + R6 



A^ 



R2 ^ R6 



1 + ^ + 



100(50) 



V^^-RsTRB'Q-iV^ 



R2 R6 

R4 R5+R6 



"o-''-"'-!! liTii^Tk^^ciUil '•""- (*-¥) --«'-*' 



HoBP=-R3/R1;HoLP = 



- R2/R1 



1 + (R2/R4) + [R6/(R5+R6)] 

Figure 21 . Mode 2a: 2nd Order Filter Providing Notch, Bandpass, Lowpass 



1/2ML2111 




R5 



SlA 

5(16) 



BP 

2(19) 






LP 

1(20) 



f ^ fCLK /R2 R6~ . I ^ fCLK / R6 . q - M, /R2 R6 

° 100(50) V R4 R5 + R6 ' " 100(50) V R5 + R6 ' ^ " R2V R4 R5 + R 



HoBP= -R3/R1;HoLP = 



- R2/R1 



(R2/R4) + [R6/(R5 + R6)] 



Figure 22. Mode 2b: 2nd Order Filter Providing Notch, Bandpass, Lowpass 
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OPERATION MODES (Continued) 

In mode 3, Figure 23, a single resistor ratio (R2/R4) can tune 
the center frequency below or above the fcLK^lOO (or fcLK^ 
50) ratio. Mode 3 is a state variable configuration since it 
provides a highpass, bandpass, lowpass output through pro- 
gressive integration; notches are obtained by summing the 
highpass and lowpass outputs (modes 3a, Figure 24). The 



notch frequency can be tuned below or above the center 
frequency through the resistor ratio (Rh/R|). Because of this, 
modes 3 and 3a are the most versatile and useful modes for 
cascading second order sections to obtain high order elliptic 
filters with frequencies up to 30 kHz. 



1/2ML2111 




fCLK /R2, n _ R3, ^. 



R3 
R1 



Figure 23. Mode 3: 2nd Order Filter Providing Highpass^ Bandpass, Lowpass 



1/2ML2111 



SlA 

5(16) 




^(£H>i>' 



BP 

2(19) 



LP 
1(20) 



4— ^AAr^ 

Rh / 

AAA/ ^ I- 




^°= li§|^Vi'*"= l^Vl' "OH''^ - -^^/Rl; HoBP= - R3^ 
HoNl(f-0)=|xMHo.. (f-^) =^x|f;Ho.(f = fo) = Q(^HoLP-^HoHp) 

Figure 24. Mode 3a: 2nd Order Filter Providing Higlipass, Bandpass, Lowpass, Notcii 
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OPERATION MODES (Continued) 



1/2ML2111 



R3 
-AAAr- 

R2 




^3(18) Tc/it^ V'>/1Q\ p 



-^\ 



Sa/b 

60 <j)15 



Figure 25. Mode 4: 2nd Order Filter Providing Ailpass, Bandpass^ Lowpass 



1/2ML2111 



R4 

VNAr- 

R3 
1 VSAr- 

R2 



-VNA^ 9^nR^ S><;nA^ " <>9mq^ S> 



3(18) 



SlA ■=■ 



5(16) 



'®\>\>' 




2(19) 



LP 

1(20) 



f _ _JCLK_, /R2.o_ R3, /R2. H^,„_ R5. H^^^. R2. u^oo- R3. l.^,„_ R4 
^°= 100(50rVR^'^ R2VR4' "^^''= 2R' "«"''- " Rl' "°«''- " Rl' "o^''" " rT 



Figure 26. Mode 4a: 2nd Order Filter Providing Highpass^ Bandpass^ LowpasS; Allpass 
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ML2111 



1/2ML2111 



1/2ML2111 



R4 
-AA/V- 



R2 
-AWr- 



CZ 

3(18) 



SIa 

5(16) 



'm>^' 



BP 

2(19) 




LP 

1(20) 



^,_ R3, /, RT. Hr^vrf^m - (R4/R1)-1 . H^^ (f_ fcLK\ _ R2. 



1 + (R2/R1) 
■ 1 + (R2/R4) 



2(19) Yl(20) 




Figure 27. Mode 5: 2nd Order Filter Providing 
Numerator Complex ZeroS; Bandpass^ Lowpass 



Figure 28. Mode 6a: 1st Order Filter Providing Highpass^ 
Lowpass 



1/2ML2111 



1/2ML2111 



2(19) 11(20) 




100(50) R3 ' 




1(20) 



HoLP = 2x 



100(50) R3 ' "^ 100(50) R3 



Figure 29. Mode 6b: 1st Order Filter Providing Lowpass 



Figure 30. Mode 7: 1st Order Filter Providing Allpass^ 
Lowpass 
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OPERATION MODES (Continued) 



VOUT 




1% RESISTOR VALUES 

(ACTUAL VALUES USED) 

R21=3746Q R22 = 199612 

R31=2003fl R32 = 26040 
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Figure 31 . 4th Order^ 100kHz Lowpass Butterworth Filter Obtained by Cascading 2 Sections in Mode la 



ViN 
2.82Vp-p- 

(IVrms) 



R11 
-MAr- 



R31 
-VSAr- 

R21 
-VSAr- 



9 

"=■ 10 



CLK 
7.5MHz"" 



LPa 
BPa 

Na 

INVa 

SlA 

Sa/b 

Va + 
Vd + 
LSh 
CLKa 



T7- 



LPb 

BPb 

Nb 

INVb 

SIb 

AGND 

Va 

Vd- 

50/100 

CLKb 



R22 
-AAAr-" 






Q1=Q2=10 



1 1 



RESISTOR VALUES 
R11=20kfi Rl2 = 20kfl 
R21 = 2kQ R22 = 2kfl 

R31 = 20kQ R33 = 20kfi 
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Figure 32. Cascading Two Sections in Mode 1, Each With Q = 10 Results in a Bandpass Filter with Q = 15.5 and 
fo = 150kHz (fcLK = 7.5MHz) 
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OPERATION MODES (Continued) 



G 



IVp-p VNAr-f-^NAAr- 



CLOCK 
7.5IMH2 



9 
— 10 



"^ 1 

LPa LPb 



BPa 

Na 
INVa 



SlA 

Sa/b 
Va + 
Vd + 
LSh 
CLKa 



Nb 

INVb 

SiB 

AGND 

Va 

Vd 

50/100 

CLKb 



-VOUT 



-VW— f-AW-' 



15 
14-r- 



:iir 



RESISTOR VALUES 
R1 1 = R21 = Rl 2 = R22 = 2.0kfl 
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Figure 33. Cascading Two Sections in Mode Id^ Each With Q = 1 (Independent of Resistor Ratios) Creates a Sharper 4th 
Order Lowpass Filter 




1% RESISTOR VALUES 
R21 = R22 = R23 = R24 = 2k 
R32 = 4.9k 
R34 = 100fl 
R31 = 80k 




fcLK = 6.5MH2 



Figure 34. Notch Filter with Q =:= 50 and fo = 130kHz. This Circuit Uses Side A's Biquad in Mode 1d and the Side B Op 
Amp to Create a Notch Whose Depth is Controlled by R31 . The Notch is Created by Subtracting the Bandpass from V|n. 
The Bandpass of Side A is Subtracted Using the Op Amp of Side B. 
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OFFSETS 

Switched capacitor integrators generally exhibit higher in- 
put offsets than discrete R, C integrators. 

These offsets are mainly the charge injection of the CMOS 
switches into the integrating capacitors. The internal op 
amp offsets also add to the overall budget. 

Figure 35 shows half of the ML21 1 1 filter with its equiva- 
lent input offsets Vqsi / Vos2/ Vos3- 

The DC offset at the filter bandpass output is always equal 
to Vos3. The DC offsets at the remaining two outputs 



(Notch and LP) depend on the mode of operation and ex- 
ternal resistor ratios. Table 3 illustrates this. 

It is important to knowthe value of the DC output offsets, 
especially when the filter handles input signals with large 
dynamic range. As a rule of thumb, the output DC offsets 
increase when: 

1. The Q's decrease 

2. The ratio (fcLK/W increases beyond 100:1 . This is done 
by decreasing either the (R2/R4) or the R6/(R5 + R6) 
resistor ratios. 




Figure 35. Equivalent Input Offsets of 1/2 ML21 1 1 Filter 
Table 3 



MODE 


VOSN 

PIN 3 (18) 


Vqsbp 
PIN 2 (19) 


Vqslp 
PIN 1 (20) 


1/4 


Vosi[n/Q) + l + IIHoLpll]-Vos3/Q 


VoS3 


VoSN-VoS2 


la 


Vosin+(i/Q)]-Vos3/Q 


VoS3 


VoSN-VoS2 


lb 


Vosi[n/Q) + i+R2/Ri]-Vos3/Q 


VoS3 


~(VosN-Vos2)(1+R5/R6) 


1c 


Vosi[0/Q) + 1+R2/Rl]-Vos3/Q 


VoS3 


,„ „ , (R5 + R6) 
~(VosN-Vos2)^^3^2R6) 


Id 


Vosi[1+R2/R1] 


VoS3 


VoSN-VoS2-VoS3/Q 


2,5 


[Vosi (1 + R2/R1 + R2/R3 + R2/R4) - Vos3(R2/R3)] x 
[R4/(R2 + R4)] + Vos2 [R2/(R2 + R4)] 


VoS3 


VoSN-VoS2 


2a 


[Vosid +R2/R1 +R2/R3 + R2/R4)-Vos3(R2/R3)]x 
f ^^^^^^^ 1 IV-,; f ^^ Ik- ^^ 


VoS3 


,„ ,/ , (R5 + R6) 
-(VosN-Vos2)(^3^2R6) 




lR2 + R4(1+k)J ' '^^MR2 + R4(1+k)J '' R5 + R6 




2b 


[Vqsi (1 + R2/R1 + R2/R3 + R2/R4) - Vqsb (R2/R3)] x 

R4k 1^, r R2 ] .,_ R6 

R2 + R4kJ """ R2 + R4kJ'' R5 + R6 


VoS3 


~(VosN-Vos2)(1+R5/R6) 


3,4a 


VoS2 


VoS3' 





ORDERING INFORMATION 





TEMPERATURE 




PART NO. 


RANGE 


PACKAGE 


ML2111BCP 


0°Cto70°C 


Molded DIP 


ML2111CCP 


0°Cto70°C 


Molded DIP 


ML2111BCS 


0°Cto70°C 


Molded SOIC 


ML2111CCS 


0°Cto70°C 


Molded SOIC 


ML2111BIJ 


-40°Cto+85°C 


Hermetic DIP 


ML2111CIJ 


-40°Cto+85°C 


Hermetic DIP 


ML2111BMJ 


-55°Cto+125°C 


Hermetic DIP 


ML2111CMJ 


-55°Cto+125°C 


Hermetic DIP 
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Selection Guide 4-1 

ML4621 Fiber Optic Data Quantizer 4-2 

ML4622 Fiber Optic Data Quantizer 4-2 

ML4651 10BASE-T Transceiver 4-10 

ML4652 10BASE-T Transceiver 4-10 

ML4654 10BASE-T Transceiver for Hubs 4-26 

ML4657 10BASE-T Transceiver with Autopolarity 4-10 

ML4658 10BASE-T Transceiver with Autopolarity 4-10 

ML4661 FOIRL Transceiver 4-36 

FB3651 LAN Transceiver Tile Array 4-46 
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lOBASE-T Transceivers 



Part Number 


Applications 


LED Outputs 


Autopolarity 


Package Types 


ML4651 


Internal MAU 
External MAU 


2 


No 


20 Pin Skinny DIP 


ML4652 


Internal MAU 
External MAU 


6 


No 


24 Pin Skinny DIP 
28 Pin PLCC 


ML4657 


Internal MAU 
External MAU 


2 


Yes 


20 Pin Skinny DIP 


ML4658 


Internal MAU 
External MAU 


6 


Yes 


24 Pin Skinny DIP 
28 Pin PLCC 


ML4654 


HUB MAU 


5 


Yes 


20 Pin Skinny DIP 
28 Pin PLCC 



Fiber Optic Quantizers 



Part Number 


Output lypes 


Bandwidth 


Package Types 


ML4621 


TTL, ECL 


50 MHz min. 


24 Pin Skinny DIP 
28 Pin PLCC 


ML4622 


TTL, ECL 


40 MHz min. 


16 Pin Skinny DIP 
16 Pin Narrow SOIC 



FOIRL Transceiver 



Part Number 


Applications 


LED Outputs 


Package Types 


ML4661 


Internal MAU 
External MAU 


5 


28 Pin PLCC 
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Data Quantizer 



GENERAL DESCRIPTION 

The ML4621 and ML4622 Data Quantizers are low 
noise, wideband, bipolar monolithic ICs designed 
specifically for signal recovery applications in fiberoptic 
receiver systems. They contain a two stage wideband 
limiting amplifier which is capable of accepting an 
input signal as low as 2mV with a 55cjB dynamic range. 
This high level of sensitivity is achieved by using a DC 
restoration feedback loop which nulls any offset 
voltage produced in the limiting amplifier. 

The output stage is a high speed comparator circuit 
with both TTL and ECL outputs. An enable pin is 
included for added control. 

The Minimum Signal Discriminator circuit provides a 
Link Monitor function with a user selectable reference 
voltage. This circuit monitors the peaks of the input 
signal and provides a logic level output indicating 
when the input falls below an acceptable level. This 
output can be used to disable the Quantizer and/or 
drive an LED, providing a visible link status. 

The ML4621 is the most flexible Quantizer because of 
the additional nodes made available and a slightly 
higher bandwidth. The ML4622 is a reduced pin count 
version of the ML4621 with a slighly lower bandwidth 
and burst mode receive ability. 



FEATURES 

■ 50MHz minimum bandwidth (ML4621) for data 
rates of up to lOOMBd 

■ 40MHz minimum bandwidth (ML4622) for data 
rates up to 80MBd 

■ Can be powered by either +5V providing TTL level 
outputs or ~5.2V providing ECL levels 

■ Low noise design: 

25//V RMS over 50MHz noise bandwidth 

■ Adjustable Link Monitor function 

■ Wide 55dB input dynamic range 

■ 10ns minimum input pulse 

■ Low power design 

■ Available in 16-pin SOIC (Narrow) or DIP (ML4622), 
24-pin Skinny DIP (ML4621) and 28-pin PLCC 
(ML4621) 



APPLICATIONS 

■ IEEE 802.3 FOIRL Receiver 

■ IEEE 802.5 4 and 16 Mbps Fiber Optic Token Ring 

■ IEEE 802.4 Fiber Optic Token Bus 

■ Fiber Optic Data Communications and 
Telecommunications Receivers 



ML4621 BLOCK DIAGRAM 



CF1 CF2 VoUT+ VoUT- CMP+ CMP- ECL+ ECL- 



V|N+- 
VlN- ■ 



Vdc - 



VthADJ 



^ 





THRESH 
GEN 




MINIMUM 

SIGNAL 

DISCRIMINATOR 



- CMP ENABLE 

-Vcc 

- GND 

- Vcc TTL 

■ GND TTL 

- ECL UNK MON 

- TTL LINK MON 



InOM IsET CpEAK 



4-2 



JS^ Micro Linear 



ML4621, ML4622 



ML4622 BLOCK DIAGRAM 



V|N+- 
VlN- ■ 



Vdc- 



Vref- 



VthADJ 




THRESH 
GEN 



>^^ 




-<}- 



MINIMUM 

SIGNAL 

DISCRIMINATOR 



CPEAK 




TTL 
CMP 



-Vcc 
-GND 
-GNDTTL 



TTL LINK MON 



PIN CONNECTIONS 

ML4621 
24-Pin Skinny DIP 



ML4621 
28-Pin PCC 



ML4622 
16-Pin DIP or SOIC (Narrow) 





1 
2 
3 


24 
23 
22 




ECL LINK MON [ 


1 


TTL LINK MON [ 


J 


CMP ENABLE [ 




V|N+ [ 


4 


21 




ViN- [ 


5 


20 




Vdc C 


6 


19 




CF2C 


7 


18 




CF1[ 


8 


17 




VOUT- [ 


9 


16 




VOUT+ [ 


10 


15 




CMP+ [ 


11 


14 




CMP- [ 


12 


13 





TTL LINK MON 



Vcc 
Inom 

ISET 
CpEAK 

Vref 

VthADJ 

GND 

TTL OUT 

Vcc TTL 

GNDTTL 

ECL+ 

ECL- 



CMP ENABLE 

NC^ 



ABLE / 

\ i A 



ECL LINK MON 

Inom 

Vcc I ISET 



V|N+ [ 5 

V|N- [ 6 

NC [ 7 

Vdc [ 8 

CF2 [ 9 

CFl [ 10 

VoUT- [ 11 



1 28 27 26 



12 13 14 15 16 17 



25 ] NC 

24 ] CpEAK 

23 ] Vref 

22 ] VthADJ 

21 ] GND 

20 ] TTL OUT 

19 ] Vcc TTL 



+ CMP+I NC I ECL+ I 
VoUT+ CMP- ECL- GNDTTL 



EQ LINK MON [ 


1 
2 


16 
15 


]gnd 


CMP ENABLE [ 


] Vth ADJ 


V,N-[ 


3 


14 


] Vref 


V|N+[ 


4 


13 


H Ctimer 


Vdc[ 


5 


12 


]VCC 


CF2[ 


6 


11 


]TaOUT 


CFlC 


7 


10 


3Ea+ 


GND TTL [ 


8 


9 


],ECL- 




TOP VIEW 
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PIN DESCRIPTION 



NAME 



FUNCTION 



NAME 



FUNCTION 



ECL LINK MON 



TIL LINK MON 



CMP ENABLE 



V|N- 



VlN+ 



CMP- 



ECL- 

ECL+ 

GND TIL 

VccTTL 

TTL OUT 



ECL Link Monitor output. Signal is 
low when the V|fsj+, Vin- inputs 
exceed the minimum threshold, 
which is set by a voltage on the 
VjhADJ pin. Signal is high when 
the input signal level is below the 
threshold. 

TTL Link Monitor output. Same 
logic function as ECL LINK MON. 
Capable of driving a 10mA LED 
indicator. This pin normally tied to 
CMP ENABLE. 

A low voltage at this TTL input 
pin enables both the ECL and the 
TTL outputs. A high TTL voltage 
disables the comparator output 
with ECL+ high, ECL- low, and TTL 
OUT high. ■ 

This input pin should be 
capacitively coupled to the input 
source or to ground. (The input 
resistance is approximately 8kQ.) 

This input pin should be 
capacitively coupled to the input 
source or to ground. (The input 
resistance is approximately 8kO.) 

This comparator input pin is an 
open base configuration which 
relies on the DC bias of the 
amplifier output to establish the 
proper DC operating voltage. This 
voltage should be reestablished if 
filtering is implemented between 
VouT- and CMP-. 
The ECL comparator negative 
output. 

The ECL comparator positive 
output. 

The negative supply for the TTL 
comparator stage. If the TTL 
output is not necessary, connect 
GND TTL and Vcc TTL to Vco 

The positive supply for the TTL 
comparator stage. If the TTL 
output is not necessary, connect 
GND TTL and Vcc TTL to Vcc- 

TTL data output. (Totem pole type 
output stage.) 



Vdc An external capacitor on this pin 

Integrates an error signal which 
nulls the offset of the input 
amplifier. If the DC feedback loop 
is not being used, this pin should 
be connected to Vref- 

CF2 A capacitor from this pin to 

ground controls the maximum 
bandwidth of the amplifier to 
accommodate lower operating 
frequencies. 

CF1 The capacitor on this pin should 

match the one on CF2. 

VouT- The negative output of the 

amplifier, which is normally tied to 
CMP-. 

VouT"'" The positive output of the 

amplifier, which is normally tied to 
CMP+. 

CMP+ This comparator input pin is an 

open base configuration which 
relies on the DC bias of the 
amplifier output to establish the 
proper DC operating voltage. This 
voltage should be reestablished if 
filtering is implemented between 
VouT+ and CMP+. 

GND Negative supply. Connect to -5.2V 

for ECL operation, or to ground 
for TTL operation. 

VjhADJ This input pin sets the minimum 

amplitude of the input signal 
required to cause the link 
monitors to go low. 

Vref a 2.5V reference with respect to 

GND. 

CpEAK A capacitor from this pin to 

ground determines the Link 
Monitor response time. 

'set Current into an internal diode 

connected between this pin and 
GND is turned around and pulled 
from CpEAK- This pin is normally 
connected to Inom- 
'nom Sets a current of approx. 125/wA 

when connected to Iset- 

Vcc Positive supply. Connect to 

ground for ECL operation, or to 
5V for TTL operation. 
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ABSOLUTE MAXIMUM RATINGS 

Vcc - GND -0.3 to +7.0 

Vcc TTL - GND TTL -0.3 to +7.0 

Inputs/Output GND -0.3 to Vcc +0-3 

Storage Temperature Range -GS'^C to +150**C 

Lead Temperature (Soldering 10 sec.) +260''C 



Absolute maximum ratings are those values beyond which the 
device could be permanently damaged. Absolute maximum ratings 
are stress ratings only and functional device operation is not 
implied. 



ML4621 ELECTRICAL CHARACTERISTICS 

Over recommended operating conditions of T^ = 0°C to 70°C, Vcc = 5V ± 5%, GND = OV unless otherwise noted. 


SYMBOL 


PARAMETER 


MIN 


TYP 


MAX 


UNITS 


CONDITIONS 


Icci 


Vcc Supply Current 




65 


100 


mA 


Vcc TTL = GND TTL = Vcc 


ICC2 


Vcc Supply Current 
(TTL Out Enabled) 




70 


110 


mA 


Vcc TTL = Vcc 
GND TTL = GND 


'WeP 


Vref Output Current 


-5.0 




0.5 


mA 




Vref 


Reference Voltage 


2.45 


2.55 


2.65 


V 




Av 


Amplifier Gain A1 A2 




75 




V/V 


V,N = 5mV 


V,N 


Input Signal Range 


2 




1400 


mVp_p 




VthADJ 
Range 


External Voltage at VjhADJ 
to set VjH 


1 




2.5 


V 




Vqs 


Input Offset 




3 




mV 


Vdc = V^rr (DC loop inactive) 


En 


Input Referred Noise 




25 




//V 


50MHz BW 


BW 


3dB Bandwidth 


50 


65 




MHz 




V.nPW 


Min Input Pulsewidth 




10 




ns 




R|N 


Input Resistance 




8 




kO 


V,N+, V,N- 


tpD AMP 


Amplifier Propagation Delay 


4 




8 


ns 


From V,N+, V|n- to Vout+/ Vout- 
V|N = 10mVp_p 


tpD ECL 


ECL Comparator Propagation Delay 


4 




8 


ns 


From CMP+, CMP- to ECL+, ECL- 
V,N = 10mVp_p 


tppTTL 


TTL Comparator Propagation Delay 


4 




8 


ns 


From ECL+, ECL- to TTL OUT 
V,N = 10mVp_p 


•^VthADJ 


Input Resistance of VjhADJ 




6.8 




kO 




'VOUT 


Output Current of Vqut''" ^nd Vqut" 






3 


mA 




'cMP 


Leakage Current of CMP+ and CMP- 




25 




M 




VCMcMP 


Common Mode Range of 
CMP+ and CMP- 


GND + 2.0 




Vcc - 1.0 


V 




ECL VoH 


Output High Voltage at ECL+, ECL- 


3.94 




4.30 


V 


With 200Q load tied to Vcc - 2V 
Ta = 25<'C 


ECL Vol 


Output Low Voltage at ECL+, ECL- 


3.11 




3.38 


V 


With 200O load tied to Vcc - 2V 
Ta = 25«C 


AvECL 


ECL CMP Gain 




100 




V/V 




TTLVoH 




2.4 






V 


Vcc TTL = 5V, loH = -50//A 


TTL Vol 








0.4 


V 


Vcc TTL = 5y loL = 2mA 


TTLV.H 




2.0 






V 




TTLV.L 








0.8 


V 




TTLI,H 




-50 




50 


M 


V,H = 2.4V 


TTLI.L 




-1.6 







mA 


V,H = 0.4V 


•nom 






125 




M 


'nom = 'set 





Ji^ Micro Linear 



4-5 



ML4621, ML4622 



ML4622 ELECTRICAL CHARACTERrSTICS 

Over recommended operating conditions of T^ = 0°C to 70°C, Vcc = 5V + 10%, GND = OV unless otherwise noted. 


SYMBOL 


PARAMETER 


MIN 


TYP 


MAX 


UNITS 


CONDITIONS 


lcci 


Vcc Supply Current 
(TTL Output Disabled) 




25 


40 


mA 


GND TTL = Vcc 


ICC2 


Vcc Supply Current 
(TTL Output Enabled) 




45 


65 


mA 


GND TTL = GND 


Vref 


Reference Voltage 


2.45 


2.55 


2.65 


V 




'Vref 


Vrep Output Current 


-5.0 




0.5 


mA 




Av 


Amplifier Gain A1 A2 




75 




V/V 


V(N -Smv 


V,N 


Input Signal Range 


2 




1400 


mVp„p 




VthADJ 
Range 


External Voltage at VjhADJ 
to set VjH 







2.5 


V 




Vqs 


Input Offset 




3 




mV 


Vdc ^ Vref (DC loop inactive) 


En 


Input Referred Noise 




25 




^y 


50MHz BW 


BW 


3dB Bandwidth 


40 


55 




MHz 




V.nPW 


Min Input Pulsewidth 




10 




ns 




R|N 


Input Resistance 




5 




kn 


V,N+, V,N- 


'VihAD) 


Input Bias Current of VjhADJ 


-40 




40 


^^ 




^pnm 


Propagation Delay 


12 




24 


ns 


From V|N+, V,n- to TTL Out 
V,N = 10mVp_p 


tpDECL 


Propagation Delay 


8 




16 


ns 


From V|N+, V,n- to ECL+, ECL- 
V|N = 10mVp_p 


TTL VoH 




2.4 






V 


Vcc TTL = 5M loH = -50M 


TTL Vol 








0.5 


V 


Vcc TTL = 5y loL = 2mA 


TTLV.H 




2.0 






V 




TTL V,L 








0.8 


V 




TTLI.H 




-50 




50 


M 


V,H = 2.4V 


TTL l,L 




-1.6 







mA 


V,H = 0.4V 
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FUNCTIONAL DESCRIPTION 

AMPLIFIER 

The Quantizers have a two stage limiting amplifier with 
an input common mode range of (GND + 1.8V) to 
(Vcc - 1.5V). Maximum sensitivity is achieved through 
the use of a DC restoration feedback loop and AC 
coupling the input. When AC coupled, the input DC 
bias voltage is set by an on-chip network at about 1.9V. 
These coupling capacitors, in conjunction with the 
input impedance of the amplifier, establish a high pass 
filter with a 3dB corner frequency, fL, at 



fi 



f| 



1 



In 8000 C 



-(ML4621) 



(1) 



In 5000 C 



(ML4622) 



Since the amplifier has a differential input, two 
capacitors of equal value are required. If the signal 
driving the input is single ended, one of the coupling 
capacitors can be tied to Vcc ^s shown in figure 1. The 
high corner frequency can also be adjusted by 
attaching capacitors to CF1 and CF2. The equation for 
adjusting this corner is 

Although the input is AC coupled, the offset voltage 
within the amplifier will be present at the amplifier's 
output. This is represented by Vqs in figure 2. In order 
to reduce this error a DC feedback loop is 
incorporated. This negative feedback loop nulls the 
offset voltage, forcing Vqs to be zero. An external 
capacitor at Vqc 's used to store the offset voltage. 
Although the value of this capacitor is non-critical, the 
pole it creates can effect the stability of the feedback 
loop. To avoid stability problems using the ML4621, the 



VoUT+ 



VOUT- 



T 

Vos 

1 



Figure 2. 

value of this capacitor should be at least 100 times 
smaller than the input coupling capacitors. On the 
ML4622 the input coupling capacitors should be 100 
times smaller than the Vqc capacitor. 

On the ML4621, the output of the amplifier is isolated 
from the comparator and made available to the user. 
This allows the user to add circuitry between the 
amplifier and the comparator for wave shaping and 
other signal conditioning as desired. 

COMPARATOR 

Two types of comparators are employed in the output 
section of these Quantizers. The high speed ECL 
comparator is used to provide the ECL level outputs 
and in turn d rives the TTL comparator. The enable pin, 
CMP ENABLE, is pr ovided to con trol the ECL 
comparator. When CMP ENABLE is low the comparators 
function normally. When it's high, it forces ECL+ high, 
ECL- low, and TTL OUT high. On the ML4622 when 
CMP ENABLE is hi gh, it forces EC L+ low, ECL- high, and 
TTL OUT low. The CMP ENABLE pin can be controlled 
with TTL level signals when the Quantizer is powered 
by 5V and ground. 




Figure 1. The ML4621 Configured for 20MHz Bandwidth with TTL Output 
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LINK MONITOR (ML4621) 

This function is implemented by the Minimum Signal 
Discriminator and the Threshold Generator circuits. The 
purpose of this function is to monitor the input signal 
and provide a status signal indicating when the Input 
falls below a preset voltage level. This is done by peak 
detecting the output of the amplifier section and 
comparing this level with the voltage at VjhADJ. 

The equation which determines the droop rate of the 
peak detector is 

dV 



Since the ML4621 has a relatively low input impedance 
of 6.8K and is offset by one diode drop, the equation 
which accounts for the load and offset is: 



'iSET 



dt 



(3) 



In this equation C is the peak capacitor at Cpeak- On 
the ML4621 the droop rate of the peak detector can be 
adjusted two ways: 

1) By adjusting the value of the peak capacitor at Creak- 

2) By adjusting the charge current into the peak 
capacitor at Iset- 

The charge current, I|set/ can be controlled externally 
by connecting a resistor, RexT/ between I|set and Vcc- 
I|SET will then be 

Vcc - 0-7 

hsET — (4) 

Rext + 1700 

For convenience, an on-chip current source of 125//A is 
available by connecting Inom to 'set- 

The Threshold Generator level shifts the reference 
voltage at VjhADJ through a circuit which has a 
temperature coefficient matching that of the limiting 
amplifier. The relationship between VjhADJ and Vjh 
(the minimum peak voltage at the input which will 
trigger the Link Monitor) is: 

VthADJ = eOOVjH + 0.7 (5) 

The on-chip reference voltage, VreF/ can be tied 
directly to VjhADJ to set the threshold level. This will 
set the minimum input signal on the ML4621 at about 
3mV (peak). 

A lower threshold level can be set by dividing down 
Vref with a resistor string, as in figure 3. 





Vref 


^ 














REF 








> 

^ VthADj 






Ri * 














THRESH 
GEN 






► 






< 











VthADJ 



R2(6800Vref + Q.7R1) 
6800(Ri + R2) + R1R2 



(8) 



Figure 3. 



LINK MONITOR (ML4622) 

The ML4622 Link Monitor circuit operates slightly 
different than the ML4621. Instead of using the droop 
rate of the peak detector to determine the time for the 
link monitor to shut off, the ML4622 uses both a 
threshold detector to measure the peaks and a timer to 
measure the time between the peaks. 

The equation which determines the time between 
peaks Is: 

CpEAK ^ RPEAK 

4.3 
where 500Q < Rreak < 200kn and Rreak 's In parallel 

with CpEAK 

The threshold generator level shifts the reference 
voltage at VjhADJ through a circuit that has a 
temperature coefficient matching the limiting amplifier. 
The relationship between VjhADJ and Vjh (the 
minimum peak voltage at the input which will trigger 
the Link Monitor) is: 

VjhADJ = 800 Vjh 

The on-chip reference voltage, VreF/ can be tied 
directly to VjhADJ to set the threshold level. This will 
set the minimum Input signal to about 6.5mV peak. 

A lower threshold level can be set by dividing down 
Vref with a resistor string, as in figure 3. 

THRESHOLD ADJUSTMENT EXAMPLE 

If you are using the ML4621 and you want the Link 
Monitor to trigger when the received optical power 
goes below 1//W (-30dBm), you first need to calculate 
the resultant voltage at V|isi+ and V|n-. If you are using 
the Hewlett-Packard HFBR-24X6 Fiberoptic Receiver with 
a responsitivity of 8mV/ywW, the peak-to-peak voltage 
would be: 

1A(W X 8mV//uW = 8mVp_p (9) 

So the Link Monitor should trigger at some point 
slightly lower than 4m V peak, say 3m V. Setting Vjh in 
equation 5 to 3mV and solving for VjhADJ yields: 

VjhADJ = 600(.003) + 0.7 = 2.5V 

This is a convenient value since the reference voltage 
supplied by the Quantizer, Vref, Is 2.5V. 

The Link Monitor has about 0.4mV (peak) hysteresis 
built-in. The ML4622 has about 1dB hysteresis built-in. 
More hysteresis can be induced by connecting a 
resistor between TTL LINK MON and VjhADJ creating a 
positive feedback loop. 

Refer to Micro Linear's Application Note 6 for more 
detail. 
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BURST MODE 

In some fiber optic links, the Idle signal is DC, or of a 
frequency that is substantially different from the data. 
For these links, a faster response time of the DC loop 
and the Link Monitor is required. 



The ML4622 has been designed to accommodate these 
two requirements. The input coupling capacitors can 
be relatively small and still maintain stability. The 
smaller the Input coupling capacitors are, the faster the 
DC loop response time is. The Link Monitor is also 
enhanced to have a faster response time. 



ORDERING INFORMATION 





TEMPERATURE 




PART NUMBER 


RANGE 


PACKAGE 


ML4621CP 


0°C to +70°C 


MOLDED DIP 


ML4621CQ 


0°C to +70°C 


MOLDED PCC 


ML4622CP 


0°C to +70°C 


MOLDED DIP 


ML4622CS 


0°C to +70°C 


MOLDED SOIC 
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October 1990 PRELIMINARY 

ML4651, ML4652, 
ML4657, ML4658 



lOBASE-T Transceiver 



GENERAL DESCRIPTION 

The ML4651/ML4652/ML4657/ML4658 10BASE-T 
Transceivers are single chip cable line driver/ receivers 
that provides all of the functionality required to 
implement both an internal and external IEEE 802.3 
10BASE-T MAU. These parts offer a standard IEEE 802.3 
AU interface that allows them to directly connect to 
industry standard manchester encoder/decoder chips 
or an AUI cable. 

These parts require a minimal number of external 
components, and fully conform to the IEEE 802.3 
10BASE-T standard. The differential current driven 
transmitter offers superior performance because of its 
highly symetrical switching. This results in low RFI 
noise and low jitter. 

The Transceiver easily interfaces to 100Q unshielded 
twisted pair cable, 150Q shielded twisted pair cable, or 
a range of other characteristic impedances by simply 
changing one external resistor, jabber. Link Test, and 
SQE Test are fully integrated onto the chip with 
enable/disable options. A polarity detection status pin, 
which can drive an LED, is provided for receive data, 
and the ML4657 and ML4658 offer automatic polarity 
correction. 

The ML4651 and ML4657 are available in a 20 pin 
skinny DIP The ML4652 and ML4658 add four more 
pins which are used to drive network status LEDs. The 
ML4652 and ML4658 are available in 24 pin skinny DIP 
as well as a 28 pin PLCC. 



FEATURES 

■ Complete implementation of IEEE 802.3 10BASE-T 
Medium Attachment Unit (MAU) 

■ Incorporates an AU interface for use in an external 
MAU or internal MAU 

■ Single +5 volt supply + 10% 

■ No crystal or clock input 

■ Current Driven Output for low RFI noise and low 
jitter 

■ Capable of driving 100Q unshielded twisted pair 
cable or 150Q shielded twisted pair cable 

■ Polarity detect status pin capable of driving an LED 

■ Automatic Polarity Correction on the ML4657 and 
ML4658 

■ On-chip Jabber logic, Link Test, and SQE test with 
enable/disable option 

■ ML4652 and ML4658 provide six network status 
LED output pins 

■ ML4651 and ML4657 are available in a 20 pin 
skinny DIP 

■ ML4652 and ML4658 are available in a 24 pin 
skinny DIP or 28 pin PLCC 

■ Semi-standard option using Micro Linear's FB3651 
LAN Transceiver Tile Array 



BLOCK DIAGRAM 
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ML4652 & ML4658 ONLY 
* ML4657 & ML4658 ONLY 
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PIN DESCRIPTION (DIP) 



PIN NO. 
ML4651 ML4652 



NAME 



FUNCTION 



10 
11 



12 
13 



CLSN 



Indicates that a collision is taking place. Active low LED driver, open collector. 
Event is extended 100ms for visibility. 

COL+ Gated 10MHz signal used to indicate a collision, SQE test, or jabber. Balanced 

COL- differential line driver outputs that meet AU interface specifications. AC or DC 

coupled. 

SQEN/LTD/JABD SQE Test Enable, Link Test Disabled, Jabber Disabled. This input uses four 
voltage levels to configure the chip as shown in Table 1. 

Table 1. SQEN/LTD/JABD Pin Configuration 



4 


5 


Rx+ 


5 


6 


Rx- 


6 


7 


Vcc 


7 


8 


Tx+ 


8 


9 


Tx- 



10 



11 

12 



13 
14 



15 
16 



RTSET 



RRSET 
POLRD 

XMT 
RCV 



TxTP- 
TxTP+ 



14 


17 


GND 


15 


18 


TxCAPI 


16 


19 


TxCAPO 



Pin 


SQE Test 


Link Test 


Jabber 


OV (GND) 

1.2V 

BIAS 
5V (Vcc) 


Disabled 
Disabled 
Enabled 
Enabled 


Enabled 
Disabled 
Disabled 
Enabled 


Enabled 
Disabled 
Enabled 
Enabled 



When link test is disabled, no link pulses are transmitted, and the transmitter 
and receiver will not be disabled as a result of a loss of receive link pulses. 
When Jabber is disabled the transmitter can transmit continuously without 
interruption, and the collision oscillator will not be activated. 

Manchester encoded receive data output to the local device. Balanced 
differential line driver outputs that meet AU interface specifications. AC or DC 
coupled. 

+5 Volt power input. 

Balanced differential line receiver inputs that meet AU interface specifications. 
These inputs may be AC or DC coupled. When AC coupled, the BIAS pin is 
used to set the common mode voltage. Signals meeting the transmitter squelch 
input requirements are pre-equalized and output on TxTP+ and TxTP- 

When using lOOQ unshielded twisted pair, a 220Q resistor is tied between this 
pin and Vcc- When using 150Q shielded twisted pair, a 330O resistor is tied 
between this pin and Vcc- 
A 1% 61.9KQ resistor tied from this pin to Vcc is used for internal biasing. 

Receive Polarity status. Active low LED Driver, open collector output. Indicates 
the polarity of the receive twisted pair regardless of auto polarity correction. 
When this pin is high, the receive polarity is correct, and when this pin is low 
the receive polarity is reversed. 

Indicates that transmission is taking place on the TxTP+, TxTP- pair. Active low 
LED driver, open collector. It is extended 100ms for visibility. 

Indicates that the transceiver has unsquelched and is receiving data from the 
twisted pair. Active low LED driver, open collector. It is extended 100ms for 
visibility. 

Pre-equalized differential balanced current driven output. These outputs are 
connected to a balanced transmit output filter which drives the twisted pair 
cable through pulse transformers. The output current is set with an external 
resistor connected to RTSET allowing the chip to drive 100Q unshielded twisted 
pair, 150O shielded twisted pair cables or a range of other characteristic impedances. 

Ground reference. 

An external capacitor of 330pF* is tied between these two pins to set the pulse 
width for the pre-equallzatlon on the transmitter. If these two pins are shorted 
together, no pre-equalization occurs. 
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PIN DESCRIPTION (DIP) (continued) 



PIN NO. 
ML4651 ML4652 



NAME 



FUNCTION 



17 



18 
19 

20 



20 



21 

22 

23 



24 



LTF 



RxTP- 
RxTP+ 

BIAS 



JAB 



Link Test Fail. Active high. Normally this pin is low, indicating that the link is 
operational. If the link goes down resulting from the absence of link pulses or 
frames being received, the chip will go into the Link Test Fail state and bring 
LTF high. In the Link Test Fail state, both the transmitter and receiver are 
disabled, however link pulses are still sent. A station that only has access to the 
AUI can detect a Link Test Fail by the absence of loopback. This pin is low 
when the Link Test is disabled. Open collector LED output. 

Twisted Pair receive data input. When this signal exceeds the receive squelch 
requirements the receive data is buffered and sent to the Rx+/- outputs. 

Bias voltage, output. Used to bias the receive twisted pair inputs as well as the 
Tx+/- inputs when they are AC coupled. 

Open collector TTL output capable of driving an LED. When in the Jabber state, 
this pin will be low and the transmitter will be disabled. In the Jabber "OK" 
state this pin will be high. 



PIN CONNECTION 



COL+[ 


1 


W 


20 




BIAS 


COL- [ 


2 




19 




RxTP+ 


SQEN/LTD/jABD [ 


3 




18 




RxTP- 


Rx+[ 


4 




17 




LTF 


Rx- [ 

Vcc[ 


5 

6 


ML4651 ^^ 
V1L4657^5 




TxCAPO 
TxCAPI 


Tx+[ 


7 




14 




GND 


Tx- [ 


8 




13 




TxTP+ 


rtset[ 


9 




12 




TxTP- 


RRSET [ 


10 




11 




POLRD 



clsn[ 


1 


TZ7 


24 


]]AB 


COL+[ 


2 




23 


]bias 


COL-[ 


3 




22 


] RxTP+ 


SQEN/LTD/JABD [ 


4 




21 


] RxTP- 


Rx+[ 


5 




20 


]ltf 


Rx-[ 


6 




19 


] TxCAPO 


vcc[ 

Tx+[ 


7 
8 


ML4652 
ML4658 


18 
17 


] TxCAPI 

]gnd 


Tx-[ 


9 




16 


] TxTP+ 


RrSET[ 


10 




15 


] TxTP- 


RRSET [ 


11 




14 


] RCV 


polrd[ 


12 




13 


] XMT 
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SQEN/LTD/JABD 


1 COL+ 1 JAB 


1 


RxTP+ 








n 


r— 11— ini— 1 


rn 
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/ 
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27 
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24 
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23 
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NC 


Vcc[ 
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ML4658 






22 


] 


TxCAPO 


vcc[ 


9 










21 


] 


TxCAPI 


Tx+[ 


10 










20 


] 


GND 


Tx- [ 


11 


12 


13 14 15 16 


17 


18 


19 


] 


GND 




\ 1 1 1 1 1 1 — 1 1 — i 


LJ 


l_J 










1 RRSET 1 XMT 1 


TxTP 


-1 










RTSEl 


POLRD RCV 


TxTP+ 
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OPERATING CONDITIONS 

(Note 2) 

Supply Voltage (Vcc) 5V ± 10% 

LED on Current 10mA 

RRSET 61.9KQ ± 1% 

RTSET 2200 + 1% 

TxCAP 330pF 



ABSOLUTE MAXIMUM RATINGS 

(Note 1) 

Power Supply Voltage Range 

Vcc -0-3 to 6V 

Input Voltage Range 

Digital Inputs (SQEN, LTD) -0.3 to Vcc 

Tx+, Tx- RxTP+, RxTP- -0.3 to Vcc 

Input Current 

RRSEX RTSEX jAB, CLSN, XMT, RCV, LTF 60mA 

Output Current 

TxTP+, TxTP- 80mA 

Storage Temperature -65°C to +150°C 

Lead Temperature (Soldering 10 seconds) 260°C 



ELECTRICAL CHARACTERISTICS 



Unless otherwise specified Ta = 0°C to 70°C (Note 3), Vcc = 5V + 10% 










PARAMETER 


CONDITIONS 


MIN 


TVP 


MAX 


UNITS 


Power Supply Current Ice (Note 4) 


Vcc = 5V 






140 


mA 


LED Drivers: 
Vol 


Rl = 510Q (Note 5) 






0.8 


V 


Transmit Peak Output Current 


RTSET = 220n 




42 
(Note 6) 




mA 


Transmit Squelch Voltage Level (Tx+, Tx-) 






-170 




mV 


Differential Input Voltage (RxTP+, RxTP-) 




±0.300 




±3.1 


V 


Receiver Input Resistance 




10 






KO 


SQEN/LTD/JABD Input Resistance 






12 




KQ 


Receive Squelch Voltage Level (RxTP+, RxTP-) 




300 


450 


585 


mV-p 


Differential Output Voltage (Rx+/- COL+/-) 




±550 




±1200 


mV 


Common Mode Output Voltage (Rx+/- COL+/-) 






4.0 




V 


Differential Output Voltage Imbalance (Rx+/- COL+/-) 






2 


±40 


mV 


BIAS Voltage 






3.2 




V 


SQEN/LTD/JABD 


SQE TEST disabled 
All disabled 
Link Test disabled 
All Enabled 


1.1 
BIAS-0.15 
Vcc -0.05V 




.3 

1.4 

BIAS+0.15 


V 



Note 1: Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 

specified are measured with respect to ground. 
Note 2: Limits are guaranteed by 100% testing, sampling, or correlation with worst-case test conditions. 
Note 3: Low Duty cycle pulse testing is performed at J^^. 

Note 4: This does not include the current from the AUI pull down resistors, the transmit pins TxTP+ and TxTP- or the LED output pins. 
Note 5: LED drivers can sink up to 20mA, but Vql will be higher. 
Note 6: This current will result m a 2.5V peak output voltage on unshielded twisted pair cable when connected through an external filter 

and transformer as shown in Figure 12. 
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ELECTRICAL CHARACTERISTICS (Continued) 



AC ELECTRICAL CHARACTERISTICS 










SYMBOL 


PARAMETER 


MIN 


TYP 


MAX 


UNITS 


Transmit 


tjXNPW 


Transmit Turn-On Pulse Width 




20 




ns 


tlXFPW 


Transmit Turn-Off Pulse Width 




180 




ns 


tjXLP 


Transmit Loopback Startup Delay 






100 


ns 


tlXODY 


Transmitter Turn-On Delay 






100 


ns 


tlXSDY 


Transmit Steady State Prop. Delay 




15 


100 


ns 


tTXJ 


Transmitter Jitter 




±2 


±3.5 


ns 


Receive 


tRXODY 


Receive Turn-On Delay if Transmit is Idle 




420 


500 


ns 


tRXTDY 


Receive Turn-On Delay if Transmit is Active 




650 


800 


ns 


tRXFX 


Last Bit Received to Start Slow Decay Output 


230 


800 




ns 


tRXSDY 


Receive Steady State Prop. Delay 




15 


100 


ns. 


tRX) 


Receiver Jitter 




±0.7 


±1.5 


ns 


tAR 


Differential Output Rise Time 20% to 80% (Rx+/- COL+/-) 




3 




ns 


tAF 


Differential Output Fall Time 20% to 80% (Rx+/-, COL+/-) 




3 




ns 


Collision 


tcPSQE 


Collision Present to SQE Assert 







900 


ns 


tjXRX 


Time for Loopback to Switch from Tx to RxTP During 
a Collision 







900 


ns 


tsQEXR 


Time for SQE to Deactivate Given That RxTP Goes Idle 
and TxTP Continues 







900 


ns 


tsQEXT 


Time for SQE to Deactivate Given That TxTP Goes Idle 
and RxTP Continues 







900 


ns 


tcLF 


Collision Frequency 


8.5 


10 


11.5 


MHz 


tcLPDC 


Collision Pulse Duty Cycle 


40 


50 


60 


% 


tsQEDY 


SQE Test Delay (Tx Inactive to SQE) 


0.6 


1.1 


1.6 


//s 


tsQETD 


SQE Test Duration 


0.5 


1.0 


1.5 


fJS 


Jabber, Link Test an 


d LED Timing 










tjAD 


Jabber Activation Delay 


20 


70 


150 


ms 


tjRT 


Jabber Reset Unjab Time 


250 


450 


750 


ms 


tjSQE 


Delay from Outputs Disabled to Collision Oscillator On 




100 




ns 


tlLT 


Link Loss Time 


50 


95 


150 


ms 


tlTN 


Link Test Pulse Receive Minimum Time 


2 


4.2 


7 


ms 


tlTX 


Link Test Pulse Receive Maximum Time 


25 


70 


150 


ms 


tjLP 


Link Test Pulse Repetition Rate 


8 


16 


24 


ms 


tlTPW 


Link Test Pulse Width 


85 


100 


130 


ns 


tlEDT 


XMT, RCV, CLSN On Time 


30 


100 


300 


ms 
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TIMING DIAGRAMS 
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Figure 1. Transmit and Loopback Timing 
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Figure 2. Receive Timing 
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TIMING DIAGRAMS (Continued) 
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Figure 3. Collision Timing 
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Figure 4. Collision Timing 
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TIMING DIAGRAMS (continued) 
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Figure 5. Collision Timing 
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Figure 6. SQE Timing 
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Figure 7. jabber Timing 
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TIMING DIAGRAMS (Continued) 
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Figure 8. Link Pulse Timing 
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Figure 9. LED Timing 
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SYSTEM DESCRIPTION 

Figure 10 shows a typical block diagram of an external 
10BASE-T transceiver interface. On one side of the 
transceiver is the AU interface and the other is the 
twisted pair. The AU interface is AC coupled when used 
in an external transceiver or can be AC or DC coupled 
when used in an internal transceiver. The AU interface 
for an external transceiver includes isolation 
transformers, some biasing resistors, and a voltage 
converter for power. 

The twisted pair side of the transceiver requires 
external transmit and receive filters, isolation 
transformers, and terminating resistors. These 
components can be obtained in a single hybrid 
package from suppliers listed in figure 12. The 
transmitter sends pre-equalized data through the 
transmit filters onto the twisted pair. The pre-equalized 
data uses a standard two step output waveform that 
lowers the amplitude of the 5MHz component so that 
at the receiving end both the 5MHz and 10MHz 
components have the same amplitude. The external 
transmit filter smooths the edges of the signal before 
passing it onto the twisted pair. 

The receive pair side of the transceiver accepts the data 
after it passes through the isolation transformer and the 
receive low pass filter. Since this is an AC coupled 
input, the Bias pin is used to set the proper common 
mode voltage for the receive inputs. A pair of 50Q 
resistors correctly terminate the receive pair and 
provide a common mode for the Bias voltage 
connection point. 



AU INTERFACE 

The AU interface consists of 3 pair of signals, DO, CI 
and Dl as shown in Figure 10. The DO pair contains 
transmit data from the DTE which is received by the 
transceiver and sent out onto the twisted pair. The Dl 
pair contains valid data that has been either received 
from the twisted pair or looped back from the DO and 
output through the Dl pair to the DTE. The CI pair 
indicates whether a transmit based collision has 
occurred. It is an output that oscillates at lOMhiz. CI 
pair is also used for Jabber and SQE Test. 

The transceiver may be AC or DC coupled depending 
on the application. For the AC coupled interface, the 
DO input must be DC biased (shifted up in voltage) for 
the proper common mode input voltage. The BIAS pin 
serves this purpose. When DC coupled, the manchester 
encoder/decoder transmit output pair provides this 
common mode voltage and the Bias pin is not 
connected. 

The two 390 1% resistors tied to the Tx+ and Tx- pins 
serve two purposes. They provide a point to connect 
the common mode bias voltage, and they provide the 
proper matching termination for the AUI cable. The CI 
and Dl pair, which are output drivers from the 
transceiver to the AUI cable, require 360Q pull down 
resistors when terminated with a 78Q load. However on 
a DTE card, CI and Dl do not need 78Q terminating 
resistors. This also means that the pull down resistors 
on CI and Dl can be 1KQ or greater depending upon 
the particular manchester encoder/decoder chip used. 






FILTER 


^ 





Figure 10. System Block Diagram 
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The AUI drivers are capable of driving the full 50 
meters of cable length and have a rise and fall time of 
typically 3ns. The rise and fall times match to within 
1ns. In the idle state, the outputs go to the same 
voltage to prevent DC standing current In the isolation 
transformers. 

TRANSMISSION 

The transmit function consists of detecting the 
presence of data from the AUI DO input (Tx+, Tx-) and 
driving that data onto the transmit twisted pair (TxTP+, 
TxTP-). A positive signal on the Tx+ lead relative to the 
Tx- lead of the DO circuit will result in a positive signal 
on the TxTP+ lead of the chip with respect to the 
TxTP- lead. 

Before data will be transmitted onto the twisted pair 
from the AU interface, it must exceed the squelch 
requirements for the DO pair. The Tx squelch circuit 
serves the function of preventing any noise from being 
transmitted onto the twisted pair. This circuit rejects 
signals with pulse widths less than typically 20ns and 
voltage levels more positive than -175mV. Once the Tx 
squelch circuit has unsquelched, it looks for the start of 
idle signal to turn on the squelch circuit again. The 
transmitter turns on the squelch again when It receives 
an input signal at Tx+/- that is more positive than 
-175mV for more than approximately 180ns. 



At the start of a packet transmission, no more than 2 
bits are received from the DO circuit and not 
transmitted onto the twisted pair. The difference 
between start-up delays (bit loss plus steady-state 
propagation delay) for any two packets that are 
separated by 9.6//S or less will not exceed 200ns. 

The output stage of the transmitter is a current mode 
switch which develops the output voltage by driving 
current through the terminating resistor and the output 
filter. The transmitter employs a center tap 2:1 
transformer where the center tap is tied to Vcc (+5V). 
While one pin of the transmit pair (TxTP+, TxTP-) is 
pulled low, the other pin floats. The output pins to the 
twisted pair wires, TxTP+ and TxTP- can drive a 100Q, 
150Q load, or a variety of impedances that are 
characteristic of the twisted pair wire. RTSET selects the 
current into the TxTP+, TxTP- pins. This current along 
with the characteristic impedance of the cable 
determines the output voltage. 

Once the characteristic impedance of the twisted pair is 
determined, one must select the appropriate RTSET 
resistor as well as match the terminating impedances of 
the transmit and receive filter. The RTSET resistor can 
be selected as follows: 

RTSET = (Rl/100) * 220O 

where Rl is the characteristic impedance of the twisted 
pair cable. 



TxTP+ 
TxTP- 




OUTPUT AFTER 
TRANSMIT FILTER 



Figure 11. Transmit Pre-Equalization Waveform 
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The transmitter Incorporates a pre-equalization circuit 
for driving the twisted pair line. Pre-equalization 
compensates for the amplitude and phase distortion 
introduced by the twisted pair cable. The twisted pair 
line will attenuate the 10MHz signal more than the 
5MHz signal. Therefore pre-equalization insures that 
both the 5 and 10MHz components will be roughly the 
same amplitude at the far end receiver. 

The pre-equalization circuit reduces the current output 
when a 5MHz bit is being transmitted. After 50ns of a 
5MHz bit, the current level is reduced to approximately 
2/3 of its peak for the remaining 50ns. Figure 11 
illustrates the pre-equalization. 

An on-chip one-shot determines the pulse width of the 
pre-equalized transmit signal. This requires an external 
capacitor connected to pins TxCAPO and TxCAPI. The 
proper value for this one-shot is 330pF. Pre-equalization 
can be disabled by shorting TxCAPO and TxCAPI 
together. 

The transmitter enters the idle state when it detects 
start of idle on Tx+ and Tx- input pins. The transmitter 
maintains a minimum differential output voltage of at 
least 450mV for 250ns after the last low to high 
transition. The driver differential output voltage will 
then be within 50mV of OV within 45 bit times. 

RECEPTION 

The twisted pair receive data is transformer coupled 
and low pass filtered before It is fed into the input pins 
RxTP+/-. The input is differential with the common 
mode voltage set by the chip's Bias pin. At the start of 
packet reception from the twisted pair link, no more 
than 5 bits are received from the twisted pair cable and 
not transmitted onto the Dl circuit. The first bit sent on 
the Dl circuit may contain phase violations or invalid 
data, but all subsequent bits are valid. 

The receive squelch will reject the following differential 
signals on the RxTP+ and RxTP- inputs: 

1. All signals that produce a peak magnitude less than 
300mV. 

2. All continuous sinusoidal signals of amplitude less 
than 6.2Vp_p and frequency less than 2MHz. 

3. All single sinusoidal cycles of amplitude less than 
6.2Vp_p and either polarity, where the frequency Is 
between 2MHz and 15MHz. For a period of 4 BT 
before and after this single cycle, the signal will 
conform to (1) above. 

4. All sinusoidal cycles gated by a 100ns pulse gate of 
amplitude less than 6.2Vp_p and either polarity, where 
the sinusoidal frequency is between 2MHz and 
30MHz. The off time of the pulse gate on the 
sinusoidal signal shall be at least 400ns. 



The first three receive squelch criteria are required to 
conform to the 10BASE-T standard. The fourth receive 
squelch criteria exceeds the 10BASE-T requirements and 
enhances the performance of the receiver. The fourth 
squelch criteria prevents a false unsquelch caused by 
cross talk or noise typically found coupling from the 
phone lines onto the receive twisted pair. 

When the receive squelch is on during idle, the input 
voltage must exceed approximately ±450mV peak 
several times before unsquelch occurs. If the transmitter 
is inactive, the receiver has up to 5 bit times to 
unsquelch and output the receive data on the Rx+/ Rx- 
pair. If the transmitter is active, the receive squelch 
extends the time it takes to determine whether to 
unsquelch. If the receiver unsquelches while the 
transmitter is active, a collision will result. Therefore the 
receive squelch uses the additional time to insure that 
a collision will not be reported as a result of a false 
receive squelch. 

After the receiver is unsquelched, the detection 
threshold is lowered to 275mV. Upon passing the 
receive squelch requirements the receive data 
propagates into the multiplexer and eventually passes 
to the Rx+ and Rx- outputs of the AU interface. The 
addition of jitter through the receive section is no 
more than +1.5ns. 

While In the unsquelch state, the receive squelch 
circuit looks for the start of idle signal at the end of the 
packet. When start of idle is detected, receive squelch 
is turned on again. The proper start of idle occurs 
when the Input signal remains above 300mV for 160ns. 
Nevertheless, if no transitions occur for 160ns, receive 
squelch is still turned on. 

COLLISION 

Whenever the receiver and the transmitter are active at 
the same time the chip will activate the collision 
output. The collision output Is a differential square 
wave matching the AUI specifications and capable of 
driving a 78Q load. The frequency of the square wave 
is 10MHz + 15% with a 60/40 to 40/60 duty cycle. The 
collision oscillation turns on no more than 9 bit times 
after the collision condition begins, and turns off no 
more than 9 bit times after the collision condition is 
removed. The collision oscillator also is activated during 
SQE Test and jabber. 

LOOPBACK 

The loopback function emulates a coax Ethernet 
transceiver where the transmit data sent by the DTE Is 
looped back over the AUI receive pair. Many LAN 
controllers report the status of the carrier sense for 
each packet transmitted. The software can use this 
loopback information to determine whether a MAU is 
connected to the DTE by checking the status of carrier 
sense after each packet transmission. 
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When data is received by the chip while transmitting, a 
collision condition exits. This will cause the collision 
oscillator to turn on within 9 bit times. The data on the 
Dl AUI pair (Rx+, Rx-) changes from Tx+, Tx- to RxTP+, 
RxTP- when entering the collision state. During a 
collision, if the receive data (RxTP+, RxTP-) drops out 
before the transmit data (Tx+, Tx-), Rx+, Rx- will switch 
back to Tx+, Tx-. 

SQE TEST FUNCTION (SIGNAL QUALITV ERROR) 

The SQE test function allows the DTE to determine 
whether the collision detect circuitry is functional. After 
each transmission, during the inter-packet gap time, the 
collision oscillator will be activated for typically 1//s. 
The SQE test will not be activated if the chip is in the 
link fail state, or the Jabber state. 

For SQE to operate, the SQEN pin must be tied to Vcc 
or BIAS. The SQE test can be disabled by tying the 
SQEN pin to 1.2V or ground. This allows the chip to be 
interfaced to a repeater. 

JABBER FUNCTION 

The Jabber function prevents a babbling transmitter 
from bringing down the network. Within the 
transceiver is a Jabber timer that starts at the beginning 
of each transmission and resets at the end of each 
transmission. If the transmission lasts longer than 20ms 
the jabber logic disables the transmitter, and turns on 
the collision oscillator COL+, COL- When Tx+ and Tx- 
finally go idle, a second timer measures 0.5 seconds of 
idle on Tx+ and Tx- before re-enabling the transmitter 
and turning off the collision oscillator. If transmission 
starts up again before 0.5 seconds has expired, the 
timer is reset and measures another 0.5 seconds of idle 
time. 

Even though the transmitter is disabled during jabber. 
Link Pulses are still transmitted if the Link Test is 
enabled. 

Jabber can be disabled by placing 1.2V on the 
SQEN/LTD/JABD pin. This is useful for measuring jitter 
performance on the transmitter. 

LINK TEST FUNCTION 

Transmission — Whenever data is not being delivered 
to the twisted pair link, the idle signal is applied. The 
idle signal is a sequence of Link Pulses separated by a 
16ms period of silence. The idle signal starts with a 
period of silence after a packet transmission ends. The 
link test pulse is a single high pulse with the same 
amplitude requirements as the data signal. 



Reception — The transceiver monitors the receive 
twisted pair input for packet and link pulse activity. If 
neither a packet nor a link test pulse is received for 50 
to 150ms, the transceiver enters the Link Test Fail state 
and inhibits transmission and reception. Link pulses 
received with the wrong polarity will be ignored and 
cause the chip to go into link test fail. 

A DTE can determine that the transceiver is in Link Test 
Fail one of two ways: it can monitor the LTF pin if the 
transceiver is internal, or it can monitor loopback. If the 
MAU is on-board the LTF pin can be sampled to 
determine that the transceiver is in the link fail state. If 
the MAU is external the DTE can monitor carrier sense 
during transmission. A loss of carrier sense is an 
indication of Link Test Fail State, since in Link Test Fail, 
loopback is disabled. Note that jabber also disables 
loopback but with Jabber the collision signal will be on. 

When a packet, or two consecutive link test pulses is 
received from the twisted pair input, the transceiver will 
exit the Link Test Fail state upon transmit and receive 
data being idle, and re-enable transmission and 
reception. 

Link test pulses that do not occur within at most 25 to 
150ms of each other are not considered consecutive. In 
addition, detected pulses that occur within a time 
between 2 to 7ms of a previous pulse will be 
considered as noise by the link test circuitry. 

POLARITY CIRCUITRY 

The ML4651 and ML4652 offer polarity detection, while 
the ML4657 and ML4658 offer automatic polarity 
correction. The ML4651 and ML4657 are pin for pin 
compat ible, and so are the ML4652 and ML4658. The 
POLRD pin is used to report the status of the receive 
pair polarity. This pin reflects the true status of the 
receive polarity regardless of whether the part has 
autopolarity correction or not. 

Polarity Detection — ML4651, ML4652 — The internal 
circuitry uses the start of idle signal to determine the 
receive polarity. With the correct receive polarity, the 
Start of Idle signal (the end of the frame) will remain 
above 300mV for more than 160ns. If the polarity is 
reversed, the Start of Idle signal will end with a 
negative voltage. 



The POLRD status pin is updated only when two 
consecutive frames are received with the same Start of 
Idle polarity. In the case where the part is powered up 
with the receive polarity reversed and no frames are 
received, the part will go into link test fail without 
reflecting a reverse polarity condition. Without 
autopolarity correction, the part will remain in link test 
fail unless a frame is received or the correct polarity 
link pulses are received. 
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Automatic Polarity Correction — ML4657, ML4658 — In 
the link OK state, receive polarity is updated when two 
consecutive frannes are received with the same Start of 
Idle polarity. In the Link Test Fail state the part will use 
either the Start of Idle signal or link pulses to correct 
the receive polarity. 

In the case where the part is powered up with the 
receive polarity reversed and no frames are received, 
the part will go into Link Test Fail. After two link pulses 
are received with the same polarity, the part will exit 
Link Tes t Fail and correct the receive polarity. The 
POLRD pin will continue to reflect the true polarity of 
the receive pair. 

LED DRIVERS 

The ML4651, ML4657 have two LED driver pins. One is 
for Link Test Fail while the other is a reverse polarity 
indicator. The ML4652, ML4658 have four additional LED 
drivers for transmit, receive, collision, and jabber. The 
four additional LED driver pins are active low. The LEDs 
are normally off except for LTF which is normally on 
and active high. The LEDs are tied to their respective 
pins through a 510O resistor to 5 Volts. 



The XMT, RCV and CLSN pins have pulse stretchers on 
them which enables the LEDs to be visibl e. When 
transm ission or reception occurs, the LED XMT, RCV or 
CLSN status pins will activate low for 100ms. If another 
transmit, receive or collision condition occurs during 
the first 100ms, the LED timer will reset and begin 
timing again for 100ms. The LEDs wil l remain on for 
consecutive frames. The JAB, POLRD, and LTF LEDs do 
not have pulse stretchers on them since their 
conditions occur long enough for the eye to see. 

SEMI-STANDARD OPTION 

The ML4651, ML4652, ML4657, and ML4658 are designed 
using Micro Linearis Bipolar Tile Array technology. They 
use a special Tile Array, the FB3651, that was designed 
for Data Communications applications. As a result these 
parts are customizable, and can be modified to suit a 
specific customer application. Please contact your local 
representative or Micro Linear for more information on 
semi-standard options. 
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Magnetics and Filter Suppliers: 
Pulse Engineering, inc. (San Diego) 
Valor Electronics, inc. (San Diego) 
Coilcraft (Cary, Illinois) 
Fil-Mag (San Diego) 
Bel Fuse (jersey City) 
TDK (Torrance, CA) 
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APPLICATION: INTERNAL MAU 
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ORDERING INFORMATION 



Figure 13. Internal MAU 



ORDERING NUMBER 


PACKAGE 


PIN COUNT 


AUTO-POIARITY 


ML4651CP 


Skinny DIP 


20 pins 


No 


ML4652CP 


Skinny DIP 


24 pins 


No 


ML4657CP 


Skinny DIP 


20 pins 


Yes 


ML4658CP 


Skinny DIP 


24 pins 


Yes 


ML4652CQ 


PLCC 


28 pins 


No 


ML4658CQ 


PLCC 


28 pins 


Yes 
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10BASE-T Transceiver for Multi-Port Repeaters 



GENERAL DESCRIPTION 

The ML4654 10BASE-T Transceiver is a single chip cable 
line driver/ receiver that provides all of the functionality 
required to implement an internal 10BASE-T Transceiver 
for a Multi-Port Repeater. The ML4654 provides a TTL 
interface well suited for Multi-Port Repeater control 
logic. 

The ML4654 uses a minimal number of external 
components, and fully conforms to the IEEE 802.3 
10BASE-T standard. The transmitter offers a current 
driven output that is less sensitive to power supply 
variation and noise. It offers superior performance 
because of its highly symetrical switching which results 
in low RFI noise and low jitter. 

The Transceiver easily interfaces to 100O unshielded 
twisted pair cable, 1500 shielded twisted pair cable, or 
a range of other characteristic impedances by 
changing one external resistor. Jabber and Link Test 
Function are fully integrated into the chip with 
enable/disable options. An autopolarity circuit detects 
the polarity of the receive pair and automatically 
corrects it if necessary. A polarity status pin that can 
drive an LED reflects the true polarity of the receive 
pair. 

The ML4654 is available in a 20 pin skinny DIP as well 
as a surface mount 28 pin PLCC. The ML4654 is 



designed using Micro Linear's Bipolar Tile Array 
technology. It uses a special Tile Array designed for 
Data Communications applications. Semi-Standard 
options are available to suit a particular customer 
application. 

FEATURES 

■ Complete implementation of IEEE 802.3 10BASE-T 
internal Medium Attachment Unit (MAU) 

■ TTL interface for direct connection to Multi-Port 
Repeater control logic 

■ Automatic polarity correction with a status pin to 
reflect the true receive polarity 

■ Single +5 volt supply + 10% 

■ No clock or crystal required 

■ Capable of driving 100Q unshielded twisted pair 
cable or 150Q shielded twisted pair cable 

■ Fully integrated Link Test logic, with Link Test Fail 
Status pin and enable/disable option 

■ On-chip Jabber logic, with enable/disable option 

■ Available in a 20 pin skinny DIP or 28 pin PLCC 

■ Semi-standard option using Micro Linear's FB3651 
LAN Transceiver Tile Array 



BLOCK DIAGRAM 
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PIN DESCRIPTION 



PIN 
NO. 



NAME 



FUNCTION 



1 JAB/DIS Jabber Status Output/Jabber 

Disable. When this pin is tied to 
ground, the Jabber function is 
disabled and the transmitter is 
allowed to transmit indefinitely. 
This pin has an internal pullup so 
that when tied to a TTL input it 
will be low in the unjab state and 
high in the jab state. When in the 
jab state, the transmitter will be 
disabled. 

2 CRS Carrier Sense. Indicates valid 

receive data from the twisted pair. 
TTL output active high. 

3 RxD Receive data output to the local 

device. TTL levels. 

4 LTD Link Test Disable. When tied high 

or left to float, link test is disabled. 
When Link Test is disabled no link 
pulses are transmitted, and the 
transmitter and receiver will not 
be disabled as a result of a loss of 
receive link pulses. When this pin 
is grounded, link pulses will be 
transmitting during idle, and the 
link test receive logic is enabled. 

5 RRSET A 1% 61.9KO resistor tied from this 

pin to Vcc is used for biasing 
internal nodes. 

+5 Volt power input. 

Differential transmit data pair 
input from the local device, with 
TTL levels. 

9 RTSET When using 100Q unshielded 

twisted pair cable, tie a 2200 
resistor between this pin and Vcc- 
When using 150Q shielded twisted 
pair cable, tie a 330Q resistor 
between this pin and Vcc- 

10 POLRD Polarity Reversal Detection. This 

pin reflects the true receive 
polarity status regardless of the 
state of the autopolarity logic. 
A low indicates that RxTP+ and 
RxTP- are reversed. Open collector 
TTL output. 



6 


Vcc 


7 


Tx+ 


8 


Tx- 



PIN 
NO. 



NAME 



FUNCTION 



POLDiS 



12 
13 



TxTP- 
TxTP+ 



14 

15 
16 



17 



18 



GND 

TxCAPI 
TxCAPO 



TxEn 



LTF 



19 

20 



RxTP- 
RxTP+ 



Automatic Polarity Correction 
Disable. When grounded or left to 
float this pin will disabl e autom atic 
polarity correction. The POLRD 
status pin continues to reflect the 
status of the receive polarity, even 
when automatic polarity is 
disabled. When this pin is tied 
high, automatic polarity correction 
is enabled. 

Pre-equallzed differential balanced 
output driver. These outputs are 
connected to terminating resistors, 
a transformer and a balanced 
transmit output filter. The output 
current is set with an external 
resistor connected to RTSET 
allowing the chip to drive 100Q 
unshielded twisted pair, ISOD 
shielded twisted pair cables or a 
range of other characteristic 
impedances. 

Ground reference. 

An external capacitor of 330pF is 
tied between these two pins to 
set the pulse width for the pre- 
equalization on the transmitter. If 
these two pins are shorted 
together, no pre-equalization 
occurs. 

When this pin is low the 
transmitter is enabled and 
transmitting the data received 
from the Tx+/- input pair. TTL 
input-active low. 

Link Test Fail. Active high. 
Normally this pin is low, indicating 
that the link is operational. If the 
link goes down resulting from the 
absence of link pulses and frames 
being received, the chip will go 
into the Link Test Fail state and 
bring LTF high. In the Link Test 
Fail state, both the transmitter and 
receiver are disabled, however 
link pulses are still sent. This pin 
is low when Link Test is disabled. 

Twisted Pair Receive Data Input. 
When this signal exceeds the 
receive squelch requirements the 
receive data is buffered and sent 
to the RxD output pin. 
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PIN CONNECTION 
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1 
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2 


19 
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3 


18 
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17 
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5 


16 
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6 


15 
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Tx.[ 


7 


14 




GND 


Tx-C 


8 


13 
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9 


12 
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10 


11 
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NC 
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4 
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25 
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24 
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23 
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8 






22 


Vcc[ 
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21 


Vcc[ 


10 






20 
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11 






19 
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ABSOLUTE MAXIMUM RATINGS 

(Note 1) 

Power Supply Voltage Range 

Vcc -0.3to6V 

Input Voltage Range -0.3 to Vcc 

Input Current 60mA 

Output Current 

TxTP+, TxTP- 80mA 

Storage Temperature (Tj) 135°C 

Lead Temperature (Soldering 10 seconds) 300°C 



OPERATING CONDITIONS 

(Note 2) 

Supply Voltage (Vcc) 5V ± 10% 

LED on Current 10mA 

RRSET 61.9KO ± 1 % 

RTSET 220Q or 330Q ± 1% 

TxCAP 330pF 



ELECTRICAL CHARACTERISTICS 

Unless otherwise specified Ta = 0°C to 70°C (Note 3), Vcc = 5V ± 10% 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Power Supply Current Ice (Note 4) 


Vcc = 5V 






120 


mA 


TTL Inputs: 

V,L 

V,H (LTD, TxEN) 




2 




.8 


V 
V 


TTL Outputs: 

Vol 

VoH (CRS, RxD, LTF) 


Iql = 1.6mA 
loH = -400M 


2.4 




.4 


V 
V 


LED Drivers: 


Rl = 510Q (Note 5) 






0.8 




Vol (JAB/DiS, POLRD) 


V 


Transmit Peak Output Current 


RTSET = 220O 




42 
(Note 6) 




mA 


Differential Input Voltage (RxTP+, RxTP-) 




±0.300 




±3.1 


V 


Receiver Input Resistance 




10 






KO 


Receive Squelch Voltage Level (RxTP+, RxTP-) 




300 


450 


585 


mVp 



Note 1: Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 

specified are measured with respect to ground. 
Note 2: Limits are guaranteed by 100% testing, sampling, or correlation with worst-case test conditions. 
Note 3: Low Duty cycle pulse testing is performed at T^. 

Note 4: This does not include the current supplied into the transmit pins TxTP+ and TxTP-. 
Note 5: LED drivers can sink up to 20mA, but Vql will be higher. 
Note 6: This current will result in a 2.5V peak output voltage on unshielded twisted pair cable when connected through an external filter and 

transformer as shown in Figure 5. 
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ELECTRICAL CHARACTERISTICS (Continued) 

AC ELECTRICAL CHARACTERISTICS 


SYMBOL 


PARAMETER 


MIN 


TYP 


MAX 


UNITS 


Transmit 


tjXEN 


Transmit Enable to Data Out 






100 


ns 


tjXDIS 


Transmit Disable to Start Slow Decay 






50 


ns 


tlXSDY 


Transmit Steady State Prop. Delay 




15 


100 


ns 


tjXj 


Transmitter jitter 






±2 


ns 


Receive 


tRXOCR 


Valid Receive Data to CRS Turn-On 






500 


ns 


tRXTCR 


Valid Receive Data to CRS Turn-On if Transmit is Active 






800 


ns 


tRXSDY 


Receive Steady State Prop. Delay 




15 


100 


ns 


tRXFCR 


Receive Turn-Off to CRS Inactive 


150 


230 


300 


ns 


tRXJ 


Receiver jitter 






±1.5 


ns 


tAR 


Rx Output Rise Time 20% to 80% 




4 




ns 


tAF 


Rx Output Fall Time 20% to 80% 




4 




ns 


Jabber, Link lest and LED Timing 


tjAD 


jabber Activation Delay 


20 


70 


150 


ms 


tjRT 


jabber Reset Unjab Time 


250 


450 


750 


ms 


tjJAB 


Delay from Outputs Disabled to jAB/DIS Active 




-20 




ns 


tLLT 


Link Loss Time 


50 


95 


150 


ms 


tlTN 


Link Test Pulse Minimum Time 


2 


4.2 


7 


ms 


tLTX 


Link Test Pulse Maximum Time 


25 


70 


150 


ms 


tlTPW 


Link Test Pulse Width 


85 


100 


130 


ns 


tlLP 


Link Pulse Repetition Rate 


8 


16 


24 


ms 





TIMING DIAGRAMS 
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Figure 1. Transmit Timing 
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TIMING DIAGRAMS (Continued) 
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Figure 2. Receive Timing 
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Figure 3. Jabber Timing 
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Figure 4. Link Pulse Timing 
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FUNCTIONAL DESCRIPTION 

Figure 5 shows a typical block diagram of the ML4654 
in an internal 10BASE-T transceiver interface. On one 
side of the transceiver is the local controller interface 
and the other is the twisted pair. The twisted pair side 
of the transceiver requires external transmit and receive 
filters, isolation transformer, and termination resistors. 

The transmitter sends pre-equalized data through the 
transmit filters onto the twisted pair. The pre-equalized 
data uses a standard two step output waveform that 
lowers the amplitude of the 5MHz component so that 
at the receiving end both the 5MHz and 10MHz 
components have the same amplitude. The external 
transmit filter smooths the edges of the transmitter's 
output before passing it onto the twisted pair. Figure 6 
illustrates the transmit output waveforms at different 
stages of the system. 

The receive pair side of the transceiver accepts the data 
after it passes through the isolation transformer and 
the receive low pass filter. Since this is an AC coupled 
input, an internal DC bias is used to set the proper 
common mode voltage for the receive inputs. 

LOCAL INTERFACE 

The local interface consists of transmit, and receive 
signals which all use TTL levels. The transmit input 
signals entail a pair of true differential TTL transmit data 
pins, and an enable signal. 

Once the transmitter is enabled, the output on TxTP+, 
TxTP- is determined by the transmit input pair Tx+, Tx- 
The transmit input pair Is a true differential TTL input 
that determines the switching point based on both 
inputs. Driving this input single ended is also possible 
by letting Tx- float. After the last bit is transmitted, Tx+ 
should be h eld high and Tx- held low for two bit times 
before TxEn goes high. 

During reception the carrier sense pin (CRS) is activated 
asynchronously to receive data. Receive data is output 
through the receive data output pin (RxD). At the end 
of the packet, CRS goes inactive two bit times after the 
last low to high transition on RxD. 

TRANSMISSION 

The transmit fu nction consists of enabling the 
transmitter with TxEn and driving the data onto the 
transmit twisted pair (Tx+, Tx-). A positive signal on the 
Tx+ lead relative to the Tx- lead results in a positive 
signal on the TxTP+ lead of the chip with respect to 
the TxTP- lead. 

At the start of a packet transmission, no more than 1 
bit is received from the Tx+, Tx- circuit and not 
transmitted onto the twisted pair. The difference 
between start-up delays (bit loss plus steady-state 
propagation delay) for any two packets that are 
separated by 9.6//S or less will not exceed 200ns. 



The output stage of the transmitter is a current mode 
switch which develops the output voltage by driving 
current through the terminating resistor. The transmitter 
employs a center tap 2:1 transformer where the center 
tap is tied to Vcc (+5V). While one pin of the transmit 
pair is pulled low, the other pin floats. 

The output pins to the twisted pair wires, TxTP+ and 
TxTP- drive a 100O load, 150n load, or a variety of 
impedances that are characteristic of the twisted pair 
wire. To select the correct drive current for a 
characteristic impedance of the twisted pair wire, one 
must select the appropriate RTSET resistor. The RTSET 
resistor can be determined as follows: 

RTSET = (Rl/100) * 220Q 

where Rl is the characteristic impedance of the twisted 
pair cable. 

The transmitter incorporates a pre-equalization circuit 
for driving the twisted pair line. Equalization of the 
transmit signal is needed to decrease the voltage of the 
5MHz component of the Manchester encoded signal. 
The twisted pair line will decrease the voltage of the 
10MHz signal more than the 5MHz signal. Therefore 
the pre-equalization Insures that both the 5 and 10MHz 
components will have the same amplitude at the far 
end receiver. 

The pre-equalization circuit reduces the output current 
when a 5MHz bit is being transmitted. After 50ns of a 
5MHz bit, the current level is reduced to approximately 
2/3 of its peak for the remaining 50ns. Figure 6 
illustrates the pre-equalization. 

An on-chip one-shot determines the pulse width of the 
pre-equalized transmit signal. This requires an external 
capacitor connected to pins TxCAPO and TxCAPL The 
proper value for this capacitor is 330pR Pre-equalization 
can be disabled by shorting TxCAPO and TxCAPI 
together. 

Th e tran smitter enters the idle state when it is disabled 
by TxEn. The Tx+ pin should remain high and the Tx- 
pin shou ld remain low or float for two bit times before 
the TxEn signal goes high. When this happens, the 
transmitter maintains a minimum differential output 
voltage of at least 450mV for two bit times after the last 
low to high transition. The driver's differential output 
voltage will then be within 40mV of OV within 80 bit 
times. In addition the current into the load will be 
limited in magnitude to 4mA within 80 bit times. 
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SINGLE CHIP SOLUTIONS ARE 
AVAILABLE FROM MAGNETIC SUPPLIERS 



Magnetics and Filter Supplies: 
Pulse Engineering, Inc. (San Diego) 
Valor Electronics, Inc. (San Diego) 
Coilcraft (Gary, Illinois) 
Fil-Mag (San Diego) 
Bel Fuse (Jersey Gty) 
TDK (Torrance, CA) 



ML4654 
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TxTP- 




OUTPUT AFTER 
TRANSMIT FILTER 



Figure 6. Transmit Output Waveforms 



RECEPTION 

Before the twisted pair receive data is input into the 
transceiver it is transformer coupled and low pass 
filtered. The RxTP+/- input is differential with the 
common mode voltage set internally at approximately 
halfway between Vcc and CND. At the start of a packet 
reception from the twisted pair link, no more than 5 
bits are received from the twisted pair cable and not 
transmitted onto the Rx pin. The first bit sent to Rx may 
contain phase violations or invalid data, but all 
subsequent bits are valid. 

The receive squelch will reject the following differential 
signals on the RxTP+ and RxTP- inputs: 

1. All signals that produce a peak magnitude less than 
300mV. 

2. All continuous sinusoidal signals of amplitude less 
than 6.2Vp_p and frequency less than 2MHz. 

3. All single sinusoidal cycles of amplitude less than 
6.2Vp_p and either polarity, where the frequency is 
between 2MHz and 15MHz. For a period of 4 BT 
before and after this single cycle, the signal will 
conform to (1) above. 

4. All sinusoidal cycles gated by a 100ns pulse gate of 
amplitude less than 6.2Vp_p and either polarity where 
the sinusoidal frequency is between 2MHz and 
30MHz. The off time of the pulse gate on the 
sinusoidal signal shall be at least 400ns. 



The first three receive squelch criteria are required to 
conform to the 10BASE-T standard. The forth receive 
squelch criteria exceeds the 10BASE-T requirements. It 
enhances the receiver's performance without 
compromising on conformance to the standard. The 
additional squelch criteria prevents a false unsquelch 
from occuring due to cross talk or noise typically 
coming from the telephone system twisted pair wires. 

When the receive squelch is on, the input voltage must 
exceed ±450mV peak several times before unsquelch 
occurs. If the transmitter is inactive, the receiver has up 
to 5 bit times to unsquelch and output the receive data 
on the Rx+, Rx- pair. If the transmitter is active, the 
receive squelch extends the time it takes to determine 
whether to unsquelch. If the receiver unsquelches 
while the transmitter is active, a collision will result. 
Therefore the receive squelch uses the additional time 
to insure that a collision will not be reported as a result 
of a false receive squelch. 

After the receiver is unsquelched, the data detection 
threshold is lowered to 275mV. Upon passing the 
receive squelch requirements the receive data 
propagates to the Rx TTL output. This TTL output has 
been bolstered to reduce jitter. The addition of jitter 
through the receive section is no more than ±1.5ns. 
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While in the unsquelch state, the receive squelch 
circuit looks for the start of idle signal at the end of the 
packet. When start of idle is detected, receive squelch 
is turned on again and the carrier sense pin goes 
inactive. The proper start of idle occurs when the input 
signal remains above 300mV for 160ns. Nevertheless if 
no transitions occur for 160ns, receive squelch is still 
turned on. In this case however, the polarity may be 
reversed. A reverse polarity condition will be registered 
into the autopolarity circuit if the start of idle signal is 
negative. It will take several reverse polarity start of idle 
signals and/or reverse polarity link pulses to actually 
change the polarity on the receive circuit. (See 
Automatic Polarity Reversal section for more detail) 

JABBER FUNCTION REQUIREMENTS 

The Jabber function prevents a babbling transmitter 
from bringing down the network. Within the 
transceiver is a Jabber timer that starts at the beginning 
of each transmission and resets at the end of each 
transmission. If the transmission last longer than 20ms 
the jabber logic disables the transmitter, and activates 
the JAB/DIS pin, signaling the controller of the jabber 
condition. When Tx+ and Tx- finally go idle, a second 
timer measures 0.5 seconds of idle on Tx+ and Tx- 
before re-enabling the transmitter and deactivating the 
JAB/DIS pin. If transmission starts up again before the 
0.5 seconds has expired, the timer is reset and 
measures another 0.5 seconds of idle time. Even though 
the transmitter is disabled during jabber. Link Pulses are 
still transmitted. 

The Jabber function can be disabled by tying the 
JAB/DIS pin to ground. This forces the ML4654 into the 
Unjab state allowing indefinite transmission. 

LINK TEST FUNCTION 

Transmission — Whenever data is not being delivered 
to the twisted pair link, the idle signal is used. The idle 
signal is a sequence of link pulses separated by 16ms of 
silence. The idle signal starts with a 16ms period of 
silence after a packet transmission ends. The link test 
pulse is a single high pulse which meets the amplitude 
requirements for a pulse of duration BT 

Reception — The transceiver monitors its twisted pair 
input for packet and link pulse activity. If neither a 
packet nor a link test pulse is received for 50 to 150ms, 
the transceiver enters the Link Test Fail state and 
inhibits transmission and reception. The Hub Controller 
can determine that the transceiver is in the Link Test 
Fail state by monitoring the LTF pin. If LTF is low, the 
link is operational. But if LTF goes high, the ML4654 has 
entered the Link Test Fail state as a result of a loss of 
both Link Pulses and Receive Frames. 



When a packet, or two consecutive link test pulses is 
received, the transceiver will exit the link test fail state. 
Exiting the link test fail state may be deferred if either 
TxEn is high or the receive squelch is off indicating 
receive data activity. After the link test fail state is 
exited, transmission and reception are re-enabled. 

Link test pulses that do not occur within at most 25 to 
150ms of each other are not considered consecutive. In 
addition, a Link Test Pulse that occurs within a time 
between 2 to 7ms of a previous Link Test Pulse will be 
considered as noise by the link test circuitry. In the 
Link Test Fail state, such pulses reset the counted 
number of consecutive link test pulses to zero. 

AUTOMATIC POUVRITY REVERSAL 

This circuit determines the polarity for the receive pair 
only, and decides whether the polarity should be 
reversed. After 2 40ms of consistent reverse polarity 
information, the POLRD pin will change states and the 
polarity on the receive circuit will switch. The polarity 
on the receive pair RxTP+, RxTP- is determined using 
both Link Pulses and the Start of Idle signal at the end 
of a receive packet. When the Start of Idle signal is 
negative, it is treated as a reverse polarity indication. 
When a Link Pulse begins with a negative transition it is 
treated as a reverse polarity indication. When both Link 
Pulses and/or Start of Idle signals consistently indicate a 
reverse polarity condition for 240ms, the polarity on the 
receiver will be reversed. 



The POLRD pin will reflect the true polarity on the 
receive pair regardless of the automatic correction 
circuit. For example if the polarity on the receive pair is 
reversed, after 240ms the POLRD pin will go low and 
the data on the RxD pin will have the correct polarity. 
This condition will remain as long as the polarity stays 
reversed. I f the rev erse polarity is then corrected, after 
240ms the POLRD pin will go high and the RxD pin 
will have the correct polarity 

The POLDIS pin will disable the auto matic po larity 
correction but h ave no a ffect on the POLRD pin. 
Therefore when POLDIS pin is tied low and th e polarit y 
is reversed on the receive pair, after 240ms the POLRD 
pin will go low, but the RxD will continue to pass the 
data on in the reverse polarity condition. 

If the ML4654 is powered up with the RxTP+/- polarity 
reversed, and no data is received, it will go into link 
test fail. After 240ms of reverse polarity information, the 
auto-polarity circuit will reverse the polarity. The link 
test circuitry will then receive two correct polarity link 
pulses, and exit the link test fail state. 
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ORDERING INFORMATION 


ORDERING NUMBER 


PACKAGE 


PIN COUNT 


ML4654CP 
ML4654CQ 


Skinny DIP 
PLCC 


20 pins 
28 pins 
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ML4661 



FOIRL Transceiver 



GENERAL DESCRIPTION 



FEATURES 



The ML4661 FOIRL transceiver combined with the 
ML4621 or ML4622 fiber optic quantizers provides all 
of the functionality required to implement both an 
internal and external IEEE 802.3 FOIRL MAU. The 
ML4661 offers a standard IEEE 802.3 AU interface that 
allows it to be directly connected to industry standard 
manchester encoder/decoder chips or an AUI cable. 

The ML4661 provides a highly integrated solution that 
requires a minimal number of external components, 
and conforms to the IEEE 802.3 FOIRL standard. The 
transmitter offers a current driven output that directly 
drives a fiber optic LED transmitter. Jabber, 1MHz idle 
signal, and SQE Test are fully integrated onto the chip. 

The receiver accepts an ECL level input coming from 
the ML4621 or ML4622 fiber optic quantizers. The 
1MHz idle signal is removed and the AUI output is 
activated when the receive squelch criteria is 
exceeded. A Link Monitor function is also provided for 
low light detection. 



I Combined with the ML4621 or ML4622, offers a 

complete implementation of an FOIRL Medium 

Attachment Unit (MAU) 
I Incorporates an AU interface for use in an external 

MAU or an internal MAU 
I Single +5 volt supply + 10% 
I No crystal or clock required 
I On-chip Jabber, 1MHz idle, and SQE Test with 

enable/disable option 
I Five network status LED outputs 
I Available in a 28-pin PLCC package 
I Semi-standard option using Micro Linear's FB3651 

LAN Transceiver Tile Array 
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PIN # 



NAME 



FUNCTION 



PIN tt 



NAME 



FUNCTION 



1 CLSN 



2 COL+ 

3 COL- 



4 SQEN/JABD 



9 
10 



12 
13 

14 
15 



16 



GND 

Rx+ 
Rx- 



Vcc 
Vcc 
Tx+ 
Tx- 



RTSET 
RRSET 

NC 
XMT 



RCV 



Indicates that a collision is taking 
place. Active low LED driver, open 
collector. Event is extended with 
internal timer for visibility. 

Gated 10MHz oscillation used to 
indicate a collision, SQE test, or 
jabber. Balanced differential line 
driver outputs that meet AUI 
specifications. 

SQE Test Enable, Jabber Disable. 
When tied low, SQE test is 
disabled, when tied high SQE test 
is enabled. When tied to BIAS 
both SQE test and Jabber are 
disabled. 

Ground Reference. 

Manchester encoded receive data 
output to the local device. 
Balanced differential line driver 
outputs. 

+5 Volt power input. 

Balanced differential line receiver 
inputs that meet AUI 
specifications. These inputs may 
be transformer, AC or DC 
coupled. When transformer or AC 
coupled, the BIAS pin is used to 
set the common mode voltage. 

Sets the current driven out of the 
transmitter. 

A 1% 61.9 KO resistor tied from 
this pin to Vcc sets the biasing 
currents for internal nodes. 

No Connection. 

Indicates that transmission is 
taking place. Active low LED 
driver, open collector. Event is 
extended with internal timer for 
visibility. 

Indicates that the transceiver is 
receiving a frame from the optical 
input. Active low LED driver, open 
collector. Event is extended with 
internal timer for visibility. 



17 


Vcc 


+5 volt supply 


18 


TxOUT 


Fiber optic LED driver output. 


19 


NC 


No Connection. 


20 


GND 


Ground Reference. 


21 


GND 


Ground Reference. 


22 


LMONiN 


Link Monitor Input from the 



23 



LBDIS 



24 



LMON 



25 
26 



RxlN+ 
RxIN- 



27 



28 



BIAS 



JAB 



ML4621 or ML4622. This input 
must be low (active) for the 
receiver to unsquelch. 

Loopback Disable. When this pin 
is tied to Vcc/ the AUI transmit 
pair data is not looped back to 
the AUI receive pair. When this 
pin is tied to GND (normal 
operation), the AUI transmit pair 
data is looped back to the AUI 
receiver pair. 

Link Monitor LED status output. 
This pi n is pulled low when 
LMONiisi input is low and there 
are transitions on RxlN± 
indicating an idle sig nal or active 
data. If either LMON|n goes high 
or tran sitions cease on RxlN±, 
LMON will go high. Active low 
LED driver, open collector. 

Fiber Optic receive pair. This ECL 
level signal is received from the 
ML4621 or ML4622 fiber optic 
quantizer. When this signal 
exceeds the receive sq uelch 
requirements, and the LMONin 
input is low, the receive data is 
buffered and sent to the AUI 
receive outputs. 

BIAS output voltage for the AUI 
Tx+, Tx- inputs when they are AC 
coupled. 

Jabber network status LED. When 
in the Jabber state, this pin will be 
low and the transmitter will be 
disabled. In the Jabber "OK" state 
this pin will be high. Open 
collector TTL output. 
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ABSOLUTE MAXIMUM RATINGS 

(Note 1) 

Power Supply Voltage Range 

Vcc -0-3 to 6V 

Input Voltage Range 

Digital Inputs (SQEN, LMON|n, LBDIS) -0.3 to Vcc 

Tx+, Tx-, RxlN+, RxIN- -0.3 to Vcc 

Input Current 

RRSET, RTSEX JAB, CLSN, XMT, RCV, LMON 60mA 

Output Current 

TxOUT 80mA 

Storage Temperature -65° C to +150°C 

Lead Temperature (Soldering 10 seconds) 260°C 



OPERATING CONDITIONS 

(Note 2) 

Supply Voltage (Vcc) 5V ± 10% 

LED on Current 10mA 

RRSET 61.9KD±1% 

RTSET 162Q±1% 



ELECTRICAL CHARACTERISTICS 

Unless otherwise specified, Ta = -30°C to 85°C, Vcc = 5V + 10% (Note 3) 


PARAMETER 


CONDITIONS 


MIN 


TVP 


MAX 


UNITS 


Power Supply Current Icc^ 
Idle 
While Transmitting 


Vcc = 5V 

(Note 4) 






170 
200 


mA 


LED Drivers: 
Vol 


Rl = 5100 (Note 5) 






0.8 


V 


Transmit Peak Output Current 


RTSET = 1620 




57 




mA 


Transmit Squelch Voltage Level (Tx+, Tx-) 




-140 


-170 


-190 


mV 


Common Mode Input Voltage (Tx+, RxlN±) 




2 




Vcc - 0.5 


V 


Receive Squelch Voltage Level (RxlN+, RxIN-) 






±175 




mV-p 


Differential Output Voltage (Rx±, COL+) 




±550 




±1200 


mV 


Common Mode Output Voltage (Rx±, COL±) 






4.0 




V 


Differential Output Voltage Imbalance 
(Rx±, COL±) 








±40 


mV 


BIAS Voltage 






3.2 




V 


SQE/JABD 


SQE Test Disable 
Jabber Disable 
Both Enabled 


BIAS - .15 
Vcc - 0.05 




.3 
BIAS + .15 


V 


LBDIS Threshold 


Disabled 
Enabled 


Vcc -0-10 




1 


V 
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AC ELECTRICAL CHARACTERISTICS 


SYMBOL 


PARAMETER 


MIN 


TYP 


MAX 


UNITS 


Transmit 


tjXNPW 


Transmit Turn-On Pulse Width 




20 




ns 


tlXFPW 


Transmit Turn-Off Pulse Width from Data to Idle 


400 




2100 


ns 


tjXLP 


Transmit Loopback Startup Delay 






500 


ns 


tlXODY 


Transmitter Turn-On Delay 






100 


ns 


tjXIDF 


Transmit Idle Frequency 


0.85 




1.25 


MHz 


tlXDC 


Transmit Idle Duty Cycle 


45 




55 


% 


trXSDY 


Transmit Steady State Propagation Delay 




15 


50 


ns 


tTXJ 


Transmitter Jitter into 310 Load 






±1.5 


ns 


Receive 


tRXSFT 


Receive Squelch Frequency Threshold 


1.3 




4 


MHz 


tRXODY 


Receive Turn-On Delay 






350 


ns 


tRXFX 


Last Bit Received to Slow Decay Output 


230 


800 




ns 


tRXSDY 


Receive Steady State Propagation Delay 




15 


50 


ns 


tRXJ 


Receiver Jitter 






±1.5 


ns 


tAR 


Differential Output Rise Time 20% to 80% (Rx±, COL+) 




4 




ns 


tAF 


Differential Output Fall Time 20% to 80% (Rx±, COL+) 




4 




ns 


Collision 


tcPSQE 


Collision Present to SQE Assert 







450 


ns 


tsQEXR 


Time for SQE to Deactivate After Cojiision 


450 




700 


ns 


tCLF 


Collision Frequency 


8.5 




11.5 


MHz 


tcLPDC 


Collision Pulse Duty Cycle 


40 


50 


60 


% 


tsQEDY 


SQE Test Delay (Tx Inactive to SQE) 


0.6 




1.6 


//s 


tsQETD 


SQE Test Duration 


0.5 


1.0 


1.5 


//s 


Jabber and LED Timing 


tjAD 


Jabber Activation Delay 


20 


70 


150 


ms 


tjRT 


jabber Reset Unjab Time 


250 


450 


750 


ms 


tjSQE 


Delay from Outputs Disabled to Collision Oscillator On 




100 




ns 


tlEDTRC 


RCV, CLSN On Time 


20 




70 


ms 


tlEDTT 


XMIT On Time 


8 




30 


ms 


tlLPH 


Low Light Present to LMON High 


3 




6 


^s 


tLLCL 


Low Light Clear to LMON Low 


' 




6 


ms 



Note 1: Absolute maximum ratings are limits beyond which the life of the mtegrated circuit may be impaired. AH voltages unless otherwise 

specified are measured with respect to ground. 
Note 2: Limits are guaranteed by 100% testing, sampling, or correlation with worst-case test conditions. 
Note 3: Low Duty Cycle pulse testing is performed at T^. 

Note 4: This does not include the current from the AUI pull down resistors, or LED status outputs. 
Note 5: LED drivers can sink up to 20mA, but Vql will be higher. 
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SYSTEM DESCRIPTION 

Figure 1 shows a typical block diagram of the ML4661 
in an internal or external FOIRL MAU. On one side of 
the transceiver is the AU interface and the other is the 
fiber optic interface. The AU interface is AC coupled 
when used in an external transceiver or can be AC or 
DC coupled when used in an internal transceiver. The 
AU interface for an external transceiver includes 
isolation transformers, some biasing resistors, and a 
voltage regulator for power. 



The fiber optic side of the transceiver requires ^n 
external fiber optic transmitter, fiber optic receiver, and 
the ML4621 or ML4622 fiber optic quantizers. The 
transmitter uses a current driven output that directly 
drives the fiber optic transmitter. The receive side of 
the transceiver accepts the data after passing through 
the fiber optic receiver and the ML4621/ML4622 fiber 
optic quantizer. 





XMT RCV CLSN JAB LMON 
COL- TxOUT 



SQEN/JAB 



VOLTAGE 
REGUIATOR 




y —\ FIBEROPTIC 



TRANSMITTER 



^<&^3 



FIBER OPTIC 
RECEIVER 



Figure 1. FOIRL System Block Diagram 



AUI INTERFACE 

The AUI interface consist of 3 pair of signals, DO, CI 
and Di as shown in figure 1. The DO pair contains 
transmit data from the DTE which is received by the 
transceiver and sent out onto the fiber optic cable. The 
DI pair contains valid data that has been either 
received from the fiber optic cable or looped back 
from the DO and output through the DI pair to the 
DTE. The CI pair indicates whether a collision has 
occurred. It is an output that oscillates at 10MHz if a 
collision Jabber or SQE Test has taken place, otherwise 
it remains idle. 



When the transceiver is external, these three pair are 
AC coupled through isolation transformers, while an 
internal transceiver may be AC or DC coupled. For the 
AC coupled interface, DO which is an input must be 
DC biased (shifted up in voltage) for the proper 
common mode input voltage. The BIAS pin serves this 
purpose. When DC coupled, transmit output pair 
coming from the serial interface provides this common 
mode voltage and the BIAS pin is not connected. 
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The two 390 1% resistors tied to the Tx+ and Tx- pins 
serve two purposes. First they provide a point to 
connect the common mode bias voltage as discussed 
above, and they provide the proper matching 
termination for the AUI cable. The CI and Dl pair, 
which are output from the transceiver to the AUI cable, 
require 360O pull down resistors when terminated with 
a 780 load. However on a DTE card, CI and Dl do not 
need 780 terminating resistors. This also means that the 
pull down resistors on CI and Dl can be 1K0 or 
greater depending upon the particular manchester 
encoder/decoder chip used. Using higher value pull 
down resistors as in a DTE card will save power. 

The AUI drivers are capable of driving the full 50 
meters of cable length and have a rise and fall time of 
typically 3ns. In the idle state, the outputs go to the 
same voltage to prevent DC standing current in the 
isolation transformers. 

TRANSMISSION 

The transmit function consists of detecting the 
presence of data from the AUI DO input (Tx+, Tx-) and 
driving that data onto the fiber optic LED transmitter. A 
positive signal on the Tx+ lead relative to the Tx- lead 
of the DO circuit will result in no current, hence the 
fiber optic LED is in a low light condition. When Tx+ is 
more negative than Tx- the ML4661 will sink current 
into the chip and the LED will light up. 

Before data will be transmitted onto the fiber optic 
cable from the AUI interface, it must exceed the 
squelch requirements for the DO pair. The Tx squelch 
circuit serves the function of preventing any noise from 
being transmitted onto the twisted pair. This circuit 
rejects signals with pulse widths less than typically 20ns 
(negative going), or with levels less than -175mV. Once 
Tx squelch circuit has unsquelched, it looks for the 
start of idle signal to turn on the squelch circuit again. 
The transmitter turns on the squelch again when it 
receives an input signal at TxlN± that is more positive 
than -175mV for more than approximately 180ns. 

At the start of a packet transmission, no more than 1 
bit is received from the DO circuit and not transmitted 
onto the fiber optic cable. The difference between 
start-up delays (bit loss plus steady-state propagation 
delay) for any two packets that are separated by 9.6//S 
or less will not exceed 200ns. 

The output stage of the transmitter is a current mode 
switch which develops the output light by sinking 
current through the LED into the TxOUT pin. Once the 
current requirement for the LED is determined, the 
RTSET resistor is selected. The following equation is 
used to select the correct RTSET resistor: 



RTSET = 



' 42mA ^ 

loUT ' 



220O 



ML4661 



RECEPTION 

The input to the transceiver comes from the ECL 
outputs of the ML4621 or ML4622. At this point it is a 
clean digital ECL signal. At the start of packet reception 
no more than 3.5 bits are received from the twisted 
pair cable and not transmitted onto the Dl circuit. The 
receive squelch will reject frequencies lower than 
1.3MHz and input voltage less than ±175mV. The 
receive squelch will also reject any receive input if the 
LMON|N pin is high. 

While in the unsquelch state, the receive squelch 
circuit looks for the start of idle signal at the end of the 
packet. Start of idle occurs when the input signal 
remains idle for more than 160ns. When start of idle is 
detected, the receive squelch circuit returns to the 
squelch state and the start of idle signal is output on 
the Dl circuit (Rx+, Rx-). 

COLLISION 

Whenever the receiver and the transmitter are active at 
the same time the chip will activate the collision 
output. The collision output is a differential square 
wave matching the AUI specifications and capable of 
driving a 780 load. The frequency of the square wave 
is 10MHz ± 15% with a 60/40 to 40/60 duty cycle. The 
collision oscillation turns on no more than 4.5 bit times 
after the collision condition begins, and turns off 
between 4.5 and 7 bit times after the collision 
condition is removed. The collision oscillator also is 
activated during SQE Test and jabber. 

LOOPBACK 

The loopback function emulates an Ethernet (10BASE-5) 
transceiver whereby the transmit data sent by the DTE 
is looped back over the AUI receive pair. Some LAN 
controllers use this loopback information to determine 
whether a MAU is connected by monitoring the carrier 
sense while transmitting. The software can use this 
loopback information to determine whether a MAU is 
connected to the DTE by checking the status of carrier 
sense after each packet transmission. 

When data is received by the chip while transmitting, a 
collision condition exits. This will cause the collision 
oscillator to turn on within 4.5 bit times. The data on 
the Dl pair will remain with the DO pair until DO goes 
idle. At this point Dl will switch to RxIN if it is still 
active, or Dl will go idle if RxIN is idle. After a collision 
is detected, the collision oscillator will remain on until 
either DO or RxIN go idle. The exception to this is 
when DO starts, then RxIN starts, then DO stops, then 
RxIN stops. In this case the collision oscillator will 
remain on until RxIN goes idle according to the IEEE 
FOIRL standard. 

Loopback can be disabled by strapping LBDIS to Vcc- 



The transmitter enters the idle state when it detects 
start of idle on Tx+ and Tx- input pins. After detecting 
the start of idle the transmitter switches to a 1MHz 
output idle signal. 
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SQE TEST FUNCTION (SIGNAL QUALITY ERROR) 

The SQE test function allows the DTE to determine 
whether the collision detect circuitry is functional. After 
each transmission, during the inter packet gap time, the 
collision oscillator will be activated for typically 1/ys. The 
SQE test will not be activated if the chip is in the low 
light state, or the jabber on state. 

For SQE to operate, the SQEN pin must tied to Vcc- 
This allows the MAU to be interfaced to a DTE. The 
SQE test can be disabled by tying the SQEN pin to 
ground, for a repeater interface. 

JABBER FUNCTION REQUIREMENTS 

The Jabber function prevents a babbling transmitter 
from bringing down the network. Within the 
transceiver is a Jabber timer that starts at the beginning 
of each transmission and resets at the end of each 
transmission. If the transmission last longer than 20ms 
the jabber logic disables the transmitter, and turns on 
the collision signal COL+, COL- When Tx+ and Tx- 
finally go idle, a second timer measures 0.5 seconds of 
Even though the transmitter is disabled during jabber, 
the 1MHz idle signal is still transmitted. 



LED DRIVERS 

The ML4661 has five LED drivers. The LED driver pins 
are active low, and the LEDs are normally off. The LEDs 
are tied to their respective pins through a 500D resistor 
to 5 Volts. 



The XMT, RCV and CLSN pins have pulse stretchers on 

them which enables the LEDs to be visibl e. Wh en 

transm ission or reception occurs, the LED XMT, RCV or 
CLSN status pins will activate low for several milli- 
seconds. If another transmit, receive or collision 
conditions occurs before the timer expires, the LED 
timer will reset and restart the timing. Therefore rapid 
events will leave the LEDs continuously on. The JAB 
and LTF LEDs do not have pulse stretchers on them 
since their conditions occur long enough for the eye to 
see. 

LOW LIGHT CONDITION 



The LMO N LED o utput is used to indicate a l ow ligh t 
condition. LMON is activated low when both LMONin 
is low and there are transitions on RxlN± less than 3yus 
apart. I f either one of these conditions do not exist, 
LMON will go high. 



TIMING DIAGRAMS 



Tx+ 
Tx- 



Rx+ 
Rx- 



l< — trxNPw 



trxLP 

-*«— — ► 



-tTXSDY- 



V-»^ 



05fcx:xx 



<0©®CDCX 



\ 



Figure 2. Transmit and Loopback Timing 



osecx) 



Rx+ 
Rx- 



"CDSSfGDCIX 



v 



y^ 



Figure 3. Receive Timing 
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TIMING DIAGRAMS (Continued) 



ML4661 



Z3(=DC^^^X:^D^ZXZIDC 



RxlN+ 
RxIN- 



COL+ 
COL- 



■^ZXI^DC^^CZDCIIDC 



-tCPSQE- 



LDCKJ^ZJCZJC 



RxlN+ . 
RxIN- . 






)C^DC=)(ZZ3CZX 



COL+ 
COL- 



cx^EDC^DCZ3CZDc:^)C 



-tCPSQE- 



Z)C^iEDC^X^3CIZ7" 



-tSQEXR*- 



COL+ 
COL 



DGEXI3 



Figure 4. Collision Timing 



■\ 



Rx+- 
Rx-- 



' ASSUMES THAT TxOUT BEGAN BEFORE RxIN 

Figure 5. Collision Timing 
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RxlN+ 
RxIN 



DC^EX^3CZ)CZ> 



-tSQEXr* ^ 



COL+ 
COL- 



ZX:^I3C3 



RxIN v s y ^dN y RxIN y rIIn v 



* ASSUMES THAT RxIN BEGAN BEFORE TxOUT 



COL+ 
COL- 



CIDC^^Z> 



Figure 6. Collision Timing 



^ y^ VALID DATA \ 



COL+ 
COL- 



Tx+ 
Tx- 



COL+ 
COL- 



f-tSQEDY-*- 



-tSQETD- 



Figure 7. SQE Timing 



^ y VALID y DATA \ 



-tjAD- 



-tjRT- 



VALID 
DATA 



-tjSQE 



Figure 8. Jabber Timing 
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TIMING DIAGRAMS (Continued) 



^ 



■^ — ^ 



DOOOC 



LMONiN 



XDOOOC 



^' 



"^. 



/ 



\ 



Figure 9. LED Timing 



ORDERING INFORMATION 



PART NUMBER 


PIN COUNT 


PACKAGE 


ML4661CQ 


28 Pins 


Molded PCC 
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FB3651 



LAN Transceiver Array 



GENERAL DESCRIPTION 

The FB3651 is an application focused tile array 
intended for local area network transceiver 
applications. This array was developed using Micro 
Linearis proprietary mini tile architecture. This mini tile 
approach combined with our 12 volt, 1 GHz 
technology allows high complexity and high speed, 
cost effective LAN Transceiver circuits to be easily 
integrated. 

The array consists of two distinct sections each with 
different component groupings, the first section, 
situated mostly in the middle of the array, contains 
custom cells to implement timer functions. These 
custom cells can implement up to nine timers with 
outputs that span from milliseconds up to 1/2 second 
with no external components. The long times are 
accomplished by generating very small yet stable 
currents that charge on chip capacitors. The remainder 
of the die area has general purpose mini-tiles for the 
other analog and digital circuit functions common to 
LAN transceiver applications. 

The design of the FB3651 LAN Transceiver array is 
optimized for the circuit building blocks required to 
implement the function of a local area network 
transceiver. Examples of the types of circuits possible 
are: high speed transmitters and receivers, transmit and 
receive squelch, oscillators, diagnostic and fault 
protection circuits, LED drivers, and other similar type 
circuits. 



This very high complexity array can realize up to 12 
analog functional blocks, 6 high frequency/digital 
blocks, and 150 digital gates, in addition to the nine 
timer functions. 

FEATURES 

■ Array optimized for local area network transceivers 

■ Nine independent timer functions possible for 
deadman, squelch, and diagnostic functions 

(1 -500ms) 

■ Can implement a highly symmetrical current driven 
transmitter for low RFI noise and low jitter 

■ 18 analog circuit blocks with 150 ECL gates 

■ 12 volt, 1 GHz technology 

ARRAY SUMMARY 



NPN Transistors 


1424 


PNP Transistors 


152 


Schottky Transistors 


20 


Total Diffused 
Resistance 


1020K 


Total implant 
Resistance 


5432K 


Total MOS 
Capacitance 


310pF 


Total Components 


4242 


Bond Pads 


50 



MINI TILE SUMMAR 


Y 


T1 General 


58 


T2 Specialized 


6 


T7 High Frequency 


17 


T9 ECL Logic 


50 


T12 Schottky Peripheral 


10 


T13 High Frequency 


3 


Timer Cells 


9 


Timer Bias 


1 



■ ■ ■III i^i ■!!■ ■mi liii ■■■■■■■ 




lliMlnmaai 



lliill ■ 



FB3651 — LAN Transceiver Array 
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Section 5 



Selection Guide 5-1 

ML117 2, 4, or 6-Channel Read/Write Circuits 5-3 

ML117R 2, 4, or 6-Channe| Read/Write Circuits 5-3 

ML501 6, Z or 8-Channel Read/Write Circuits 5-11 

ML501R 6, 7, or 8-Channel Read/Write Circuits 5-11 

ML502 6, Z or 8-Channel Read/Write Circuits 5-11 

ML502R 6, 7, or 8-Channel Read/Write Circuits 5-11 

ML5025 6, Z or 8-Channel Read/Write Circuits 5-11 

ML511 4, 6, Z or 8-Channel Read/Write Circuits 5-19 

ML511R 4, 6, ;; or 8-Channel Read/Write Circuits 5-19 

ML541 Read Data Processor 5-27 

ML4025 Data Separator 5-37 

ML4041 Read Data Processor 5-46 

ML4042 Read Data Processor 5-46 

ML4401 Servo Demodulator 5-57 

ML4402 Servo Driver 5-63 

ML4403 Servo Controller 5-68 

ML4404 Trajectory Generator 5-78 

ML4406 Disk Voice Coil Servo Driver 5-89 

ML4407 Disk Voice Coil Servo Driver 5-89 

ML4408 Low Voltage Voice Coil Servo Driver 5-95 

ML4410 Sensorless Spindle Motor Controller 5-97 

ML4413 Servo Controller 5-68 

ML4415 15-Channel Read/Write Circuit 5-105 

ML4416 14-Channel Read/Write Circuit with CS 5-105 

ML4417 Zoned Bit Recording Circuit 5-113 

ML4427 Zoned Bit Recording Circuit 5-113 

ML4431 Servo Demodulator 5-123 

ML4510 5V Sensorless Spindle Motor Controller 5-131 

ML4568 Disk Pulse Detector + Embedded Servo Detector 5-133 

ML8464B Pulse Detector 5-141 

ML8464C Pulse Detector 5-141 
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Disk Drive Component 
Selection Guide 



1. Read/ Write Amplifiers 



Part 


Number of 


Head 


Max Input 


VV^ite Current 






Number 


Channels 


Type 


Noise (nV/VHz) 


Range (mA) 


Key Feature 


Package Options 


ML117 


2, 4 or 6 


Ferrite 


2.1 


10 to 50 


Write Current Disable Function 


PDIP-18, 22, 28; 
SO-18, 24; PCC-28 


ML117R 


2, 4 or 6 


Ferrite 


2.1 


10 to 50 


Internal Damping Resistors 


PDIP-18, 22, 28; 
SO-18, 24; PCC-28 


ML501 


6 or 8 


Ferrite 


1.5 


10 to 50 


Enhanced Write Stability 


PDIP-28, 40; SO-32; 
PCC-28, 44 


ML501R 


6 or 8 


Ferrite 


1.5 


10 to 50 


ML501 with Internal Damping Res. 


PDIP-28, 40; SO-28, 32; 
PCC-28, 44 


ML502 


6 or 8 


Thin Film 


1.5 


10 to 50 


Enhanced Write Stability 


PDIP-28, 40; SO-32; 
PCC-28, 44 


ML502R 


6, 7 or 8 


Thin Film 


1.5 


10 to 50 


ML502 with Internal Damping Res. 


PDIP-28, 40; SO-32; 
PCC-28, 44 


ML511 


4, 6 or 8 


Ferrite 


1.5 


10 to 40 


Improved Write Stability 


SO-24; PCC-28, 44 


ML511R 


4, 6, 7 or 8 


Ferrite 


1.5 


10 to 40 


ML511 with Internal Damping Res. 


SO-24; PCC-28, 44 


ML4415 


15 


Ferrite 


1.5 


10 to 40 


Improved Write Current Stability 


PCC-44 


ML4416 


14 


Ferrite 


1.5 


10 to 40 


Chip Select Input 


PCC-44 



2. Read/Write Signal Processing 



Part Number 


Function 


Key Feature 


Package OptkHis 


ML4025 


Data Separator for RLL (1, 7) Code 


33 MBits/sec Data Rate 


PDIP-24, PCC-28 


ML4041 


Read Data Processor 


Fast AGC Recovery, 1 ns Pulse Pairing 


PDIP-24, SO-24, PCC-28 


ML4042 


ML4041 with Undervoltage Detector 


Fast AGC Recovery, 1 ns Pulse Pairing 


PDIP-28, SO-28, PCC-28 


ML44i;^ ML4427 


Zone Bit Recording IC 


100 MHz VCO 


SO-16, PDIP-16 


ML4568 


Pulse Detector with Embedded Servo 


5 V Only; 1 ns Pulse Pairing 


PCC-28 


ML541 


Read Data Processor 


15 MBIt/s Data Rate 


PDIP-24, CerDIP-24, PCC-28, SO-24 


ML8464B 


Pulse Detector 


DP8464B Second Source 


PDIP-24, PCC-28 


ML8464C 


Pulse Detector 


1 ns Pulse Pairing 


PDIP-24, PCC-28 



3. Servo Control 


ICs 






Part Number 


FunctKMi 


Key Feature 


Package OptkMis 


ML4401 


Servo Demodulator 


ECL Output VCO 


PDIP-28, PCC-28 


ML4402 


Servo Driver, External Power Drive 


Low Offset (±5 mV) 


PDIP-20, PCC-20 


ML4403 


Servo Controller 


On-Chip Interpolation Function 


PDIP-20, PCC-20 


ML4404 


Analog Trajectory Generator 


User-Defined Trajectory, 2 DACs 


PDIP-28, PCC-28 


ML4406 


Servo Driver, Internal Power Drive 


Internal Threshold Reference 


PCC-20 


ML4407 


Servo Driver, Internal Power Drive 


External Threshold Reference 


PCC-20 


ML4408 


Low Voltage Drop Servo Driver 


5 V only or 12 V Operation 


SO-24 


ML4413 


Servo Controller 


ML4403 with Ext. Amp. Nulling 


PDIP-24, PCC-28 


ML4431 


Servo Demodulator 


Enhanced ML4401; TTL Output 


PCC-32 



4. Spindle Motor Control ICs 



Part Number 


Functk)n 


Key Feature 


Package Optbns 


ML4410 


Sensorless Spindle Motor Control 


Back-EMF-Commutation 


PCC-28 
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Hard Disk Drive Data Path and 
Servo Control Diagram 




DATA STORAGE /RETRIEVAL 



READ/WRITE 
CIRCUIT 



ML117, ML117R 
ML501, ML501R 
ML502, ML502R 

ML511 
ML4415, ML4416 



O 



< 



PULSE 
DETECTOR 



^ 



ML8464B, ML8464C 
ML541, ML4568 
ML4041, ML4042 



ML4417, ML4427 

ZONE BIT 
RECORDING IC 



ML4D25 

DATA 

SEPARATOR 



1 



^ 



TRACK HOLD/SEEK SERVO LOOP 



READ^ 
PREAMP^ 



ML4401, ML4431 

SERVO 
DEMODULATOR 



-\ ML4403/13 — K 

) SERVO ) 

-y CONTROLLER "y 



inizs 



ML4402, ML4406, 
ML4407, ML4408 

SERVO 

DRIVER 



zr 



SUPPORT 
CIRCUITRY 



LX 



ML4404 
TRAJECTORY 
GENERATOR 



> 



TO 
CONTROLLER 



) 



TO 
CONTROLLER 



Micro Linear provides a full set of Winchester Hard Disk Drive support chips including the data path and the head 

servo positioning path. Micro Linear supports both dedicated and embedded servo disk drives with read-write 

preamps, pulse detectors, data separators, servo demodulators, controllers and drivers, and 8- and 10-bit 

data converters for digital servo systems. 
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ML117, ML117R 



2, 4, or6-Channel 
Read /Write Circuits 



GENERAL DESCRIPTION 

The ML117 devices are bipolar monolithic integrated circuits 
designed for use with center-tapped ferrite recording heads. 
They provide a low noise read path, write current control, 
and data protection circuitry for as many as six channels. The 
ML117 requires +5 V and +12 V power supplies and is availa- 
ble in 2, 4, or 6-channel versions with a variety of packages. 
The ML117 contains exclusive circuitry that inhibits write 
current during device power-up, thereby eliminating power- 
up ''glitches" common to similar read /write circuits. 
The ML117R differs from the ML117 by having internal 
damping resistors. 



FEATURES 

■ Exclusive write current disable during power-up 

■ Replacement for SSI 32R117/117R 

■ +5V, -hl2V power supplies 

■ Single or multi-platter Winchester drives 

■ Designed for center-tapped ferrite heads 

■ Programmable write current source 

■ Available in 2, 4, or 6 channels 

■ Easily multiplexed for larger systems 

■ Includes write unsafe detection 

■ TTL compatible control signals 



BLOCK DIAGRAM 



Vcc Vddi GND VdD2 vct 
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X 



' Q 
-0|T Q 
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ML117, ML117R 



PIN CONNECTrONS 

ML117-40RML117R-4 
4 Channels 




ML117-40RML117R-4 
4 Channels 

24-PIN SOIC 



cs CE 

GND I 
HOX CE 
HOY I 
HIX HE 



H1Y d 6 
H2X CC 
H2Y CE 
R/W CE 

wc CE 

RDX CE 11 
RDY UL 12 



ML117-2 0RML117R-2 
2 Channels 

18-PIN SOIC AND DIP 




24 


XI HSO 


23 


:□ HSl 


22 


XI WDI 


21 


XI VddI 


20 


XI Vdd2 


19 


XI VcT 


18 


ID H3X 


17 


XI H3Y 


16 


X] NC 


15 


X] NC 


14 


XI wus 


13 


ZDvcc 



ML117-60RML117R-6 
6 Channels 

28-PIN PCC 

GND_ HSO HS2 
HOX I CS I HSl I WDI 



ML117-60RML117R-6 
6 Channels 



HS0[ 


1 ^ 


■^ 28 


] HSl 


«[ 


2 


27 


]hS2 


gnd[ 


3 


26 


]WDI 


H0X[ 


4 


25 


]Vdd1 


hoy[ 


5 


24 


]Vdd2 


Hix[ 


6 


23 


]VCT 


hiy[ 


7 


22 


] H5X 


H2X[ 


8 


21 


] H5Y 


H2y[ 


9 


20 


] H4X 


R/w[ 


10 


19 


] H4Y 


wc[ 


11 


18 


] H3X 


NC[ 


12 


17 


] H3Y 


RDX[ 


13 


16 


] WUS 


rdy[ 


14 


15 


]vcc 



1 28 27 26 



hoy[ 

H1X[ 

hiy[ 

H2X[ 
H2Y 
R/W n 10 
WC[ 11 



12 13 14 15 16 17 



25 ]vdd1 
]vdd2 
]VcT 
]H5X 
]h5Y 
]]H4X 
]h4Y 



NC I RDY I WUS I H3X 
RDX Vcc H3Y 



PIN DESCRIPTION 






NAME 


FUNCTION 


NAME 


FUNCTION 


HS0-HS2 


Head Select (six heads) 


RDX, RDY 


X, Y Read Data (differential read 


CS 


Chip Select (low level enables 




signal out) 




chip) 


WC 


Write Current (used to set the write 


R/W 


Read /Write (high level selects 




current magnitude) 




Read mode) 


VcT 


Voltage Center Tap (center tap 


WUS 


Write Unsafe, open collecter out- 




voltage source) 




put (high level indicates alarm) 


Vcc 


+5 volts 


WDI 


Write Data In (negative transition 


VddI 


+12 volts 




toggles head current direction) 


Vdd2 


Positive supply for center tap 


H0X-H5X 


X head connections 


GND 


Ground 


H0Y-H5Y 


Y head connections 
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ML117, ML117R 



ABSOLUTE MAXIMUM RATINGS 

(Note 1) 

Power Supply Voltage Range 

VddI -aStoMVoc 

Vdd2 -0.3to14VDc 

Vcc -0.3 to 6Vdc 

Input Voltage Ran;^ 

Digital Inputs (CS, R/W, HS, WDI) -0.3 to Vcc +0.3 Vqc 

Head Ports (H0X-H5X, H0Y-H5Y) .... -0.3 to VddI +0.3 Vdc 
Write Unsafe (WUS) -0.3tol4VDc 

Write Current dw) 60mA 

Output Current 

Read Data (RDX, RDY) -10mA 

Center Tap Current Ocj) -60mA 

Write Unsafe (WUS) 12mA 

Storage Temperature -65°Cto 150°C 

Junction Temperature (Tj) 125°C 

Lead Temperature (Soldering 10 sec.) 300°C 



OPERATING CONDITIONS 



Supply Voltage 

VddI 12V±107o 

Vcc 5V±107o 

Vdd2 6.5toVDDl 

Head Inductance (Lh) 5 to IS^tH 

Damping Resistor (Rd, ML117 only) 500 to 2000Q 

RCT Resistor (V2 Watt) 130Q ±5% 

Write Current dw) 25 to 50mA 



ELECTRICAL CHARACTERISTICS 

Unless otherwise specified VqdI = 12V ±10%, Vcc=5 V ±10%, 0°C<Ta< 70°C (Notes 2 and 3). 



SYMBOL 



PARAMETER 



CONDITIONS 



MIN 



TYP 



DC OPERATING CHARACTERISTICS 



POWER SUPPLY 



DIGITAL INPUTS (CS, R/W, HS, WDI) 



WUS OUTPUT 



CENTER TAP VOLTAGES 



MAX 



UNITS 



Ice 


Vcc Supply Current 


Read or Idle Mode 






25 


mA 




Write Mode 






30 


mA 


bo 


Vdd Supply Current 


Read Mode 






50 


mA 




Write Mode 






30+lw 


mA 




Idle Mode 






25 


mA 


Pd 


Power Dissipation 


Read Mode 






600 


mW 




Write Mode lw = 50mA, Rct=130Q 






700 


mW 




Write Mode lw = 50 mA, 
RcT=OQ 






1050 


mW 




Idle Mode 






400 


mW 



V,H 


High Voltage 




2 




Vcc+0.3 


Vdc 


V,L 


Low Voltage 




-0.3 




0.8 


Vdc 


l|H 


High Current 


V|H = 2.0V 






100 


/iA 


IlL 


Low Current 


V|L=0.8V 


-0.4 






mA 



Vol 


Output Low Voltage 


loL= 8 mA (Safe) 






0.5 


Vdc 


loH 


Output High Current 


VoH = 5 V (Unsafe) 






100 


^A 



VcT 


Read Mode 


Read Mode 




4 




Vdc 


VcT 


Write Mode 


Write Mode 




6 




Vdc 



'^iL Micro Linear 
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ML117, ML117R 



ELECTRICAL CHARACTERISTICS (Continued) 

Unless otherwise specified Vdd1 = 12V±107o,Vcc = 5V±10%, lw=45mA, Lh = 10/jH, RD=750Q,fDATA=5MHz, 
Cl (RDX, RDY)<20pF, 0°C<Ta< 70°C (Notes 2 and 3) (Vin is referenced to Vct for Read Mode Characteristics). 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


WRITE MODE CHARACTERISTICS 


'WR 


Write Current Range 


'w = K/Rwc 


10 




50 


mA 


K 


Write Current Constant 




133 




147 


V 


Vhd 


Differential Head Voltage Swing 




8 






VPK 


■hu 


Unselected Head Transient 
Current 








2 


mApK 


Cod 


Differential Output Capacitance 








15 


PF 


Rod 


Differential Output Resistance 


ML117 


10 k 






Q 




MLIIZR 


562 




938 


Q 


^WDI 


WDI Transition Frequency 


WUS = Low 


250 






kHz 


A, 


Iws to Head Current Gain 






20 




A/A 


II 


Unselected Head Leakage 


Sum of X & Y Side Leakage Current 






85 


mA 


READ MODE CHARACTERISTICS 


Av 


Differential Voltage Gain 


V|N = lmVp.p@300kHz, 
Rl(RDX, RDY) = lkQ 


80 




120 


v/v 


DR 


Dynamic Range 


DC Input Voltage (Vj) Where Gain Falls 10%, 
V,N=V,+0.5mVp.p@300kHz 


-3 




+3 


mV 


BW 


Bandwidth (-3dB) 


|Zsl<5Q,V,N = lmVRMs 


30 






MHz 


eiN 


Input Noise Voltage 


BW=15MHz, Lh=0,Rh=0 






2.1 


nV/VRz 


C,N 


Differential Input Capacitance 








20 


pF 


R|N 


Differential Input Resistance 


ML117 


2k 






Q 




ML117R 


390 




810 


Q 


l|N 


Input Bias Current 








45 


mA 


CMRR 


Common-Mode Rejection Ratio 


VcM=VcT+100mVp.p@f=5MHz 


50 






dB 


PSRR 


Power Supply Rejection Ratio 


100 mVp.p @ 5 MHz on VddI Vdd2, or Vcc 


45 






dB 


CS 


Channel Separation 


Unselected Channels: 
V,N = 100mVp.p@5MHz 
and Selected Channel: 
V,N=OmVp.p 


45 






dB 


Vos 


Output Offset Voltage 




-480 




-^480 


mV 


VocM 


Common-Mode Output Voltage 


Read Mode 
Write or Idle Mode 


5 




7 


V 






4.3 




V 


Rout 


Single-Ended Output Resistance 


f=5MHz 






30 


Q 


II 


Leakage Current, RDX, RDY 


RDX, RDY = 6 V Write or Idle Mode 


-100 




+m 


/iA 


lo 


Output Current 


AC Coupled Load, RDX to RDY 


2 






mA 
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ML117, ML117R 



ELECTRICAL CHARACTERISTICS (Continued) 

Unless otherwise specifiedVDDl = 12V±107o,Vcc = 5V±107o, lw-45mA, Lh = 10hH, RD=750Q,fDATA = 5MH2, 
0°C<Ta< 70°C (Notes 2 and 3). 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


SWITCHING CHARACTERISTICS 


tRW 


R/ W to Write Switching Delay 


To 90% of Write Current Output 






1 


mS 


twR 


R/Wto Read Switching Delay 


To 90% of lOOmV, 10 MHz Read Signal 
Envelope or to 90% Decay of 
Write Current 






1 


mS 


or 

tlR 


CS to Select Switching Delay 


To 90% of Write Current or to 90% of 
lOOmV, 10MHz Read Signal Envelope 






1 


mS 


or 

tR! 


CS to Select Switching Delay 


To 90% Decay of 100 m V, 10 MHz Read 
Signal Envelope or to 90% Decay of Write 
Current 






1 


mS 


tHS 


Head Select Switching Delay 


To 90% of lOOmV, 10MHz Read Signal 
Envelope 






1 


f^S 


tDI 


Safe to Unsafe 
Write Unsafe Delay 


lw=50mA 


1.6 




8 


mS 


tD2 


Unsafe to Safe 
Write Unsafe Delay 


lw=50mA 






1 


mS 


tD3 


Head Current Prop. Delay 


Lh = 0, Rh=0 From 50% points 






25 


nS 


tD3 


Head Current Asymmetry 


WDI has 50% Duty Cycle and 1 nS Rise/ Fall 
Time 






2 


nS 




Time Head Current Rise/ Fall 


10% and 90% Points 






20 


nS 



Note 1: Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 

specified are measured with respect to ground. 

Note 2: Limits are guaranteed by 100% testing, sampling, or correlation with worst-case test conditions. 

Note 3: Maximum junction temperature (Tj) should not exceed 125°C. 



TIMING DIAGRAMS 




Write Mode Timing Diagram 



JS^ Micro Linear 
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ML117, ML117R 



FUNCTIONAL DESCRIPTION 

CIRCUIT OPERATION 

The ML117, ML117R functions as a write driver or as a read 
amplifier for the selected head. Head selection and mode 
control are described in Tables 1&2. Both R/W and CS have 
internal pull-up resistors for the prevention of an accidential 
write condition. 

READ MODE 

In the Read Mode the ML117, ML117R is configured as a low 
noise differential amplifier, the write current source and the 
write unsafe detector are deactivated, and the write data flip- 
flop is set. The RDX and RDY outputs are driven by emitter 
followers and are in phase with the "X" and "Y" head ports. 

The internal write current source is deactivated for both the 
Read and the Chip Deselect modes which eliminates the 
need for external gating of the write current source. 

WRITE MODE 

The Write mode configures the ML117, ML117R as a current 
switch and activates the Write Unsafe Detector. The head 
current is toggled between the X- and Y-side of the recording 
head on the falling edges of WDI, Write Data Input. A pre- 
ceding read operation initializes the Write Data Flip-Flop, 
WDFF, to pass current through the X-side of the head. The 
magnitude of the write current, given by: 

Iw = K/Rwo where K = Write Current Constant 

is set by the external resistor, Rwc/ connected from pin WC 
toGND. 

Any of the following conditions will be indicated as a high 
level on the Write Unsafe, WUS, open collector output. 

• Head open 

• Head center tap open 

• WDI frequency too low 

• Device in Read mode 

• Device not selected 

• No write current 

Two negative transitions on WDI are required to clear WUS 
after the fault condition is removed. 



Tablet. 



Head Select 



HS2 


HSl 


HSO 


HEAD 




















1 


1 





1 





2 





1 


1 


3 


1 








4 


1 





1 


5 


1 


1 


X 


NONE 



Table 2. 



= Logic Level Low 

1 = Logic Level High 
X = Don't Care 



Mode Select 



CS 


R/W 


MODE 








Write 





1 


Read 


1 


X 


Idle 



= Logic Level Low 

1 = Logic Level High 
X = Don't Care 
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ML117, ML117R 



TYPICAL APPLICATION 



MICROPROCESSOR 

AND 
CONTROL LOGIC 



WRITE DATA INPUT 
READ DATA OUTPUT 




TL 



100 pF 



RCTd) 



VCC VddI Vdd2 Vct 
HOX 



WUS 
R/W 
CS 



HOY 
H1X 



H1Y 
H2X 



HSl 
HS2 



ML117 H2Y 

H3X 



H3Y 
H4X 



H4Y 
H5X 



WC GND H5Y 



RDe(4). J I 



4 



(2) 



i' 



i' 



i' 



§■ 



READ/WRITE 
HEADS 



NOTES: 

1. RCT is optional and is used to limit internal power dissipation 
(Otherwise connect VdjjI to Vdo2). 

RCT (1/2 Watt) = 130 (55/ Iv^,) ohms 
where lyy = Write Current, in mA 

2. Ferrite bead optional: used to suppress write current overshoot 
and ringing. Recommend Ferroxcube3659065/4A6. 

3. RDX and RDY load capacitance 20 pF maximum. RDX and RDY 
output current must bie limited to 100 fiA. 

4. Damping resistors not required on ML117R. 



THERMAL CHARACTERISTICS 


28-Leacl 

PDIP 

PCC 


80°C/W 
60°C/W 


24-Lead 
SOIC 


60°C/W 


22-Leacl 
PDIP 


100°C/W 


18-Lead 

PDIP 

SOIC 


115°C/W 
85°C/W 



Ji^ Micro Linear 
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ML117, ML117R 



ORDERING INFORMATION 



PART NUMBER 


PACKAGE 


NUMBER OF 
CHANNELS 


MU17-2CP 
ML117R-2CP 
ML117-2CS 
ML117R-2CS 


18-Leacl Molded DIP 

18-Lead Molded DIP 

18-Lead SOIC 

18-Lead SOIC 


2 
2 
2 
2 


ML117-4CP 
ML117R-4CP 
ML117-4CS 
ML117R-4CS 


22-Lead Molded DIP 

22-Lead Molded DIP 

24-Lead SOIC 

24-Lead SOIC 


4 
4 
4 
4 


ML117-6CP 
ML117R-6CP 
ML117-6CQ 
MLn7R-6CQ 


28-Lead Molded DIP 

28-Lead Molded DIP 

28-Lead PCC 

28-Lead PCC 


6 
6 
6 
6 
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ML501, ML501R, ML502, 
ML502R, ML502S-Series 



6, If or 8-Channel 
Read/Write Circuits 



GENERAL DESCRIPTION 

The ML501, ML502 family of devices are bipolar monolithic 
read /write circuits designed for use with fixed disk center- 
tapped recording heads. The ML501 and ML501R are de- 
signed for use with ferrite recording heads while the ML502, 
ML502R and ML502S are designed for thin film or composite 
heads. The R and S designation in the part number indicate 
that these parts have internal head damping resistors. 

The ML501, ML502 family provides up to eight multiplexed 
read /write data channels. These circuits exhibit features not 
found in similar read /write circuits such as improved write 
current stability and the elimination of write current "glit- 
ches" during power-up. The exclusive ML502 is identical to 
the ML501 except that the write unsafe detect circuitry is 
designed to operate with lower head inductance. 



FEATURES 

■ Exclusive write current disable during power-up 

■ Enhanced write current stability 

■ ML501,ML501R is replacement for SSI 32R501/501R 
and is designed for center-tapped ferrite heads 

■ ML502, ML502R, and ML502S are designed for center- 
tapped thin film or composite heads 

■ Single or multi-platter Winchester drives 

■ Easily multiplexed for larger systems 

■ Available in 6, 7 or 8 channels 

■ TTL compatible control signals 

■ Programmable write current source 

■ Includes write unsafe detection 

■ Available in a selection of packages 

■ -fSV, -I-12V power supplies 



BLOCK DIAGRAM 



Vcc Vddi gnd Vdd2 Vct 

▼ T — CFNTFR 



WRITE 
CURRENT 
DISABLE 



MODE 
SELECT 



CENTER 

TAP 
DRIVER 



READ 
BUFFER 



K 



<:t 



WRITE 

UNSAFE 

DETECTOR 



rr 



READ 
PREAMP 



^ 



WRITE 
^ DRIVER 



WRITE 
CURRENT 
SOURCE 



O 
WC 



' HOX 

> HOY 

• H1X 

• H1Y 

• H2X 

> H2Y 

> H3X 

> H3Y 

> H4X 
I H4Y 

\ H5X 

> H5Y 

) H6X 
>H6Y 

-O H7X 
' H7Y 



^^ Micro Linear 



5-11 



ML501, ML501R, ML502, ML502R, ML502S 



PIN CONNECTIONS 


ML501-6ORML501R-6 


OR ML502-6 OR ML502R-6 


6 Channels 




28-PIN DIP AND SOIC 




H0X[ 




^ » 


JCND 


hoy[ 




27 


-\ MUST REMAIN 
J OPEN 


H1X[ 




26 


Ics 


hiy[ 




25 


]r/w 


H2X[ 




24 


]wc 


H2y[ 




23 


] RDY 


H3X[ 




22 


]RDX 


H3y[ 




21 


]HS. 


H4X[ 




20 


]HS1 


H4y[ 


10 


19 


]H« 


H5X [ 


11 


18 


]vcc 


H5Y [ 


12 


17 


] WDI 


VCT [ 


13 


16 


] WUS 


Vd[>2[ 


14 


15 


]vdd1 



/ 

H2X[ 7 

H2y[ 8 

H3X[ 

H3Y 

H4X| 

H4Y| 

H5X| 

H5YJ 

H6X| 

H6y| 



ML501-8ORML501R-8 

OR ML502-8 OR ML502R-8 

ORML502S-8 

8 Channels 

44-PIN PCC 

MUST REMAIN OPEN 

H1X NC HOX I _ NC 

H1Y I NC I HOY I CND CS I NC 
r-ir-ir-ir-ii-ii-ir->r-ii-n-ir-i 
6 5 4 3 2 1 44 43 42 41 40 



[1^ 



19 20 21 22 23 24 25 26 27 28 



I— il—Jl-JI — 11 — II — II — I L_lLJI II I 

NC I H7Y I Vdd2 I NC I NC I NC 
H7X Vct VddI NC NC 



39 ]nC 
38 ]r/W 
37 ]WC 
36 ]rDY 
35 ] RDX 
34 ] HSO 
33 ] HS1 
32 ] HS2 
31 ] Vcc 
30 ] WDI 
29 ] WUS 



ML501-8ORML501R-8 

OR ML502-8 OR ML502R-8 

8 Channels 

32-PIN SOIC 



HOXCE 


1 


32 in GND 


HOYCr 


2 


31 


-n MUST REMAIN 
-°OPEN 


Hixni 


3 


30 XlCS 


HiYcn 


4 


29 XI R/W 


H2xn: 


5 


28 33 wc 


H2Yn: 


6 


27 X] RDY 


H3xn: 


7 


26 in RDX 


H3Yni 


8 


25 ID HSO 


H4XCE: 


9 


24 XI HS1 


H4YCE: 


10 


23 J3 HS2 


HSXCE 


11 


22 XI Vcc 


H5Y CE 


12 


21 


HH WDI 


H6xn: 


13 


20 


XI WUS 


H6YCr] 


14 


19 


XI VddI 


HTXCn 


15 


18 


X1Vdd2 


H7YCI: 


16 


17 


Zn Vct 



ML501-6ORML501R-6 

OR ML502-6 OR ML502R-6 

ORML502S-6 

6 Channels 

28-PIN PCC 

MUST REMAIN OPEN 





H1Y 

n 


H1X 


HOY 

n 


HOX 


GND 

r~i 


k 


n 






/ 


4 


3 


2 


1 


28 


27 


26 






H2X[ 


5 
















25 




H2y[ 


6 
















24 




H3X[ 


7 
















23 




H3y[ 


8 
















22 




H4X[ 


9 
















21 




H4y[ 


10 
















20 




H5X[ 


11 
















19 








12 


13 


14 


15 


16 


17 


18 










I_Jl_J| — |L_JI_JL_II — 1 







RDY 
RDX 



ML501-8ORML501R-8 


OR ML502-8 OR ML502R-8 


8 Channels 






40-PiN DIP 






H0X[ 




^ 


40 


]CND 


hoy[ 






39 


1 MUST REMAIN 
-JOPEN 


NC[ 






38 


]NC 


NC[ 






37 


]~c 


H1X[ 






36 


]a 


hiy[ 






35 


]r/w 


H2X[ 






34 


]wc 


H2y[ 






33 


] RDY 


H3X[ 






32 


]rdx 


H3y[ 






31 


]HS. 


H4X [ 


11 




30 


] HS1 


H4y[ 


12 




29 


]H« 


H5X[ 


13 




28 


]vcc 


hsy[ 


14 




27 


]wdi 


H6X[ 


15 




26 


]wus 


H6Y[ 


16 




25 


]NC 


NC[ 


17 




24 


]NC 


NC[ 


18 




23 


]vdd1 


H7X[ 


19 




22 


]Vdd2 


H7y[ 


20 




21 


]VCT 



ML502S-7CQ 
ML502R-7CQ 

HIX HOX R/W 
H1Y I HOY I GND | WC 



H2X [ 5 
H2Y [ 6 
H3X [ 7 
H3Y [ 8 
H4X[ 9 
H4Y [ 10 
H5X [ 11 



12 13 14 15 16 17 



25 ] RDY 
24 ] RDX 
23 ] HSO 
22 ] HS1 
21 ] HS2 
20 ] Vcc 
19 ] WDI 



H5Y I Vdd2 I WUS I Vcc 

Vct VddI wdi 



H5Y I H6Y I Vdd2 I WUS 
H6X Vct Vddi 
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PIN DESCRIPTION 






NAME 


FUNCTION 


NAME 


FUNCTION 


HS0-HS2 


Head Select (eight heads) 


RDX, RDY 


X, Y Read Data (differential read 


CS 


Chip Select (low level enables 
chip) 


WC 


signal out) 

Write Current (used to set the write 


R/W 
WUS 


Read /Write (high level selects 

Read mode) 

Write Unsafe, open collecter out- 


Vct 


current magnitude) 

Voltage Center Tap (center tap 

voltage source) 




put (high level indicates an unsafe 
v^riting condition) 


Vcc 
VddI 


+5 volts 
+12 volts 


WDI 
H0X-H7X 


Write Data In (negative transition 
toggles head current direction) 
X head connections 


Vdd2 
GND 


Positive supply for center tap 
Ground 


H0Y-H7Y 


Y head connections 
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ML501, ML501R, ML502, ML502R, ML502S 



ABSOLUTE MAXIMUM RATINGS 

(Note 1) 

Power Supply Voltage Range 

VddI -0.3to14VDc 

Vdd2 -0.3to14VDc 

Vcc -0.3 to 6Vdc 

Input Voltage Range 

Digital Inputs (CS, R/W, HS, WDI) -0.3 to Vcc +0-3 Vqc 

Head Ports (H0X-H7X, H0Y-H7Y .... -0.3 to VddI +0.3 Vdc 
Write Unsafe (WUS) -0.3tol4VDc 

Write Current dw) 60mA 

Output Current 

Read Data (RDX, RDY) -10mA 

Center Tap Current (Ict) -60mA 

Write Unsafe (WUS) 12mA 

Storage Temperature -65°Cto 150°C 

Junction Temperature (Tj) 135°C 

Lead Temperature (Soldering 10 sec.) 300°C 



OPERATING CONDITIONS 



Supply Voltage 

VddI 12 V ±10% 

Vcc 5V±107o 

Head Inductance 

LH,ML501orML501Ronly 5to15/iH 

Lh, ML502, ML502R, ML502S only 400 to 1000 nH 

Damping Resistor (Rd, ML501 only) 500 to 2000Q 

RCT Resistor (1/2 Watt) 120Q±5% 

Write Current dw) 22 to 50mA 



ELECTRICAL CHARACTERISTICS 

Unless otherwise specified Vdd1 = 12 V ± 107o, Vcc= 5 V ± 10%, Rct= 120Q ± 5%, lw=45 mA, 0°C<Ta< 70°C (Notes 2 and 3). 



SYMBOL 



PARAMETER 



CONDITIONS 



MIN 



TYP 



DC OPERATING CHARACTERISTICS 



POWER SUPPLY 



DIGITAL INPUTS (CS, R/W, HS, WDI) 



WUS OUTPUT 



CENTER TAP VOLTAGES 



MAX 



UNITS 



Ice 


Vcc Supply Current 


Read or Idle Mode 






25 


mA 




Write Mode 






25 


mA 


Idd 


Vdd Supply Current 


Read Mode 






48 


mA 




Write Mode 






25+lw 


mA 




Idle Mode 






20 


mA 


Pd 


Power Dissipation 


Read Mode 






770 


mW 




Write Mode Iw = 50 mA 






830 


mW 




Write Mode iw = 50 mA, 
RcT=OQ 






1125 


mW 




Idle Mode 






400 


mW 



V,H 


High Voltage 




2 






Vdc 


V,L 


Low Voltage 








0.8 


Vdc 


l|H 


High Current 


V,H=2.0V 






100 


mA 


l|L 


Low Current 


V|L=0.8V 


-0.4 






mA 



Vol 


Output Low Voltage 


loL= 8 mA (Safe) 






0.5 


Vdc 


loH 


Output High Current 


VoH = 5 V (Unsafe) 






100 


mA 



VcT 


Read Mode 


Read Mode 




4 




Vdc 


VcT 


Write Mode 


Write Mode 




6 




Vdc 



JS^ Micro Linear 
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ML501, ML501R, ML502, ML502R, ML502S 



ELECTRICAL CHARACTERISTICS (Continued) 

Unless otherwise specified Vdd1 =12 V± 10%, Vcc = 5V± 10%, Rct=120Q±5%, lw=45mA, LH = 10/iH (ML501, ML501R), 
LH = 600nH (ML502, ML502R, ML502S), Rd = 750Q (ML501), foATA^SMHz, Q (RDX, RDY)<20pF, 0°C<Ta<70°C 
(Notes 2 and 3) (Vin is referenced to Vct for Read Mode Ciiaracteristics). 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


WRITE MODE CHARACTERISTICS 


'WR 


Write Current Range 


lw = K/Rwc 


10 




50 


mA 


K 


Write Current Constant 




129 




151 


V 


Vhd 


Differential Head Voltage Swing 




7.5 






VPK 


'hu 


Unselected Head Transient 
Current 








2 


mApK 


Cod 


Differential Output Capacitance 








15 


pF 


Rod 


Differential Output Resistance 


ML501, ML502 


10k 






Q 




Tj = 25°C ML501R, ML502S/ML502R 


560/180 




940/300 


Q 


fwDI 


WD! Transition Frequency 


WUS = Low 


250 






kHz 


A, 


Iwcto Head Current Gain 






20 




A/A 


II 


Unselected Head Leakage 


Sum of X & Y Side Leakage Current 






85 


^A 


READ MODE CHARACTERISTICS 


Av 


Differential Voltage Gain 


V|N = 1mVp.p@300kHz, 
Rl(RDX, RDY) = 1kQ 


80 




120 


V/V 


DR 


Dynamic Range 


DC Input Voltage (V,) Where Gain Falls 10%, 
V|N=V,-h0.5mVp.p@300kHz 


-3 




+3 


mV 


BW 


Bandwidth (-3dB) 


|Zsl<5Q,V,N = 1mVp.p 


30 






MHz 


eiN 


Input Noise Voltage 


BW=15MHz,Lh=0, Rh=0 






1.5 


nV/VHz 


C|N 


Differential Input Capacitance 


f=5MHz 






23 


pF 


R|N 


Differential Input Resistance 


f=5MHz,Tj = 25°C ML501,ML502 
V|N = 6mVp.p ML501R, ML502S/ML502R 


2k 






Q 




530/180 




790/300 


Q 


llN 


Input Bias Current (1 side) 








100 


mA 


CMRR 


Common-Mode Rejection Ratio 


VcM=VcT+100mVp.p@f=5MHz 


50 






dB 


PSRR 


Power Supply Rejection Ratio 


lOOmVp.p @ 5 MHz on VqdI Vdd2, or Vcc 


45 






dB 


CS 


Channel Separation 


Unselected Channels: 
V|N = 100mVp.p@5MHz 
and Selected Channel: 
V,N=0mVp.p 


45 






dB 


Vos 


Output Offset Voltage 




-480 




-h480 


mV 


VoCM 


Common-Mode Output Voltage 


Read Mode 


5 




7 


V 




Write or Idle Mode 




4.3 




V 


Rout 


Single-Ended Output Resistance 


f=5MHz 






30 


Q 


Rl 


External Resistive Load 
(AC Coupled to Output) 


Per Side to GND 


100 






Q 


II 


Leakage Current, RDX, RDY 


3V<(RDX, RDYX8V Write or Idle Mode 


-50 




50 


hA 


Zo 


Center Tap Output Impedance 


0MHz<f<5MHz 






150 


Q 


lo 


Output Current 


AC Coupled Load, RDX to RDY 


2 






mA 
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ELECTRICAL CHARACTERISTICS (Continued) 

Unless otherwise specified Vdd1 = 12V±10%, Vcc-5V±10%, I?ct-120Q±5%, lw=45mA, LH = 10/iH (ML501, ML501R), 
LH-600nH (ML502, ML502R, ML502S), Rd=750Q (ML501), fDATA=5MHz, 0°C<Ta<70°C (Notes2 and 3). 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


SWITCHING CHARACTERISTICS 


tRW 


R/ W to Write Switching Delay 


To 90% of Write Current Output 






600 


ns 


tWR 


R/Wto Read Switching Delay 


To 90% of 100 my 10 MHz Read Signal 
Envelope or to 90% Decay of 
Write Current 






600 


ns 


or 

t|R 


CS to Select Switching Delay 


To 90% of Write Current or to 90% of 
lOOmV, 10MHz Read Signal Envelope 






600 


ns 


or 

tRI 


CS to Unselect Switching Delay 


To 90% Decay of 100 my 10 MHz Read 
Signal Envelope or to 90% Decay of Write 
Current 






600 


ns 


tHS 


Head Select Switching Delay 


To 90% of lOOmV, 10MHz Read Signal 
Envelope 






600 


ns 


tDI 


Safe to Unsafe 
Write Unsafe Delay 


lw=50mA 


1.6 




8 


us 


tD2 


Unsafe to Safe 
Write Unsafe Delay 


lw=20mA 






1 


us 


tD3 


Prop. Delay Head Current 


Lh =0, Rh =0 From 50% points 




25 


40 


ns 


tD3 


Asymmetry Head Current 


WDI has 50% Duty Cycle and 1 nS Rise/ Fall 
Time 






2 


ns 




Rise/Fall Head Current 


10% and 90% Points 






20 


ns 



Note 1: Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 

specified are measured with respect to ground. 

Note 2: Limits are guaranteed by 100% testing, sampling, or correlation with worst-case test conditions. 

Note 3: Maximum junction temperature (Tj) should not exceed 135°C. 



TIMING DIAGRAM 




Write Mode Timing Diagram 



j^ Micro Linear 
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FUNCTIONAL DESCRIPTION 

CIRCUIT OPERATION 

For any selected head, the ML501, ML502 functions as a read 
amplifier when in the Read mode, or as a write current 
switch when in the Write mode. Pins HSO, HS1 and HS2 
determine head selection while pin R/W controls the Read/ 
Write mode. A detected "write-unsafe" condition is indi- 
cated by pin WUS. 

READ MODE 

When the ML501, ML502 is in the Read Mode, it operates as 
a low-noise differential amplifier on the selected channel. In 
Read mode the write data flip-flop is set and both the write 
unsafe detector and the write current source are deactivated. 
The center tap voltage is also lowered. Pins RDX and RDY 
provide differential emitter follower outputs which are in 
phase with the X and Y head input pins. 

Note that during the Read or Chip Deselect mode the inter- 
nal write current is deactivated, thus making external write 
current gating unnecessary. 

WRITE MODE 

The ML501, ML502 operates as a write-current switch when 
in the Write mode. Write current magnitude is determined by 
the following relationship: 

Iw = K/Rwc 

Where: K = Write Current Constant 

Rwc = Resistance connected between pin WC and 
GND. 

The head current is toggled between the X and Y side of the 
selected head by a negative transition on WDI (Write Data 
Input). When switching the ML501, ML502 to write mode, 
the WDFF (Write Data Flip-Flop) is initialized to pass write 
current through the X-side of the head. 

The ML501, ML502 exhibit enhanced write current stability, 
compared to similar read /write circuits, which reduces the 
problem of oscillation. This is a result of increased internal 
write current compensation. Also, write current "glitches" 
during power-up, common in similar read /write circuits, are 
eliminated with an exclusive write current disabling function. 

The WUS (Write Unsafe) pin is an open collector output that 
gives a logic high level for any of the following unsafe write 
conditions: 

• Open head 

• Open head center-tap 

• Too low WDI frequency 

• Read mode selected 

• Device not selected 

• No write current 

Two negative transitions on WDI are required to clear WUS 
after the fault condition is removed. 

The ML502, ML502R, ML502S differ from the ML501, 
ML501R by having write unsafe detect circuitry that is de- 
signed to operate with lower amplitude write pulse voltages, 
which result from the lower head inductance of thin film or 
composite heads. 



Table!. 



Head Select 



HS2 


HS1 


HSO 


HEAD 




















1 


1 





1 





2 





1 


1 


3 


1 








4 


1 





1 


5 


1 


1 





6 


1 


1 


1 


7 



Table 2. 



= Logic Level Low 

1 = Logic Level High 
X = Don't Care 



Mode Select 



cs 


R/W 


MODE 








Write 





1 


Read 


1 


X 


Idle 



= Logic Level Low 

1 = Logic Level High 
X = Don't Care 
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TYPICAL APPLICATION 



MICROPROCESSOR 

AND 
CONTROL LOGIC 



WRITE DATMN PUT - 
READ DATA OUTPUT 



tRCTd) 



VCC VddI VdD2 Vct 

HOX 



wus 

R/W 
CS 



HSO 
HSl 
HS2 



HOY 
H1X 



H1Y 
H2X 



H2Y 
H3X 



ML501/501R ^^^ 

ML502/502R "^^ 

ML502S H4X 



H4Y 
H5X 



WDI 
RDX 
RDY 



H5Y 
H6X 



H6Y 
H7X 



GND H7Y 



i 



i 



;]■ 



i 



J' 



!■ 



!■ 



§■ 



READ/WRITE 
HEADS 



NOTES: 

1. RCT is optional and is used to limit internal power dissipation 
(Otherwise connect V^jyl to Vi,p2). 

RCT (1/2 Watt) = 120(50/lv^,)ohms 
where lyv = Write Current, in mA 

2. Ferrite bead optional: used to suppress write current overshoot 
and ringing. Recommend Ferroxcube 3659065 /4A6. 

3. RDX and RDY load capacitance 20 pF maximum. RDX and RDY 
output current must be limited to 100 f^A. 

4. Damping resistors not required on ML501R or ML502R. 



JS^ Micro Linear 
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ORDERING INFORMATION 



PART NUMBER 


PACKAGE 


NUMBER OF 
CHANNELS 


TRANSDUCER 
HEAD TYPE 


ML501-6CP 
ML501-6CQ 
ML501-6CS 
ML501-8CP 
ML501-8CQ 
ML501-8CS* 


28-Lead Molded DIP 
28-Lead PCC 
28-Lead SOIC 

40-Lead Molded DIP 
44-Lead PCC 
32-Lead SOIC 


6 
6 
6 
8 
8 
8 


Ferrite Heads 


ML501R-6CP 
ML501R-6CQ 
ML501R-6CS 
ML501R-8CP 
ML501R-8CQ 
ML501R-8CS* 


28-Lead Molded DIP 
28-Lead PCC 
28-Lead SOIC 

40-Lead Molded DIP 
44-Lead PCC 
32-Lead SOIC 


6 
6 
6 
8 
8 
8 


Ferrite Heads 


ML502-6CP 
ML502-6CQ 
ML502-6CS 
ML502-8CP 
ML502-8CQ 
ML502-8CS* 


28-Lead Molded DIP 
28-Lead PCC 
28-Lead SOIC 

40-Lead Molded DIP 
44-Lead PCC 
32-Lead SOIC 


6 
6 
6 
8 
8 
8 


Thin Film or 
Composite Heads 


ML502R-6CP 
ML502R-6CQ 
ML502R-6CS 
ML502R-7CQ 
ML502R-8CP 
ML502R-8CQ 
ML502R-8CS* 


28-Lead Molded DIP 
28-Lead PCC 
28-Lead SOIC 
28-Lead PCC 

40-Lead Molded DIP 
44-Lead PCC 
32-Lead SOIC 


6 
6 
6 

7 
8 
8 


Thin Film or 
Composite Heads 


ML502S-6CQ 
ML502S-7CQ 
ML502S-8CQ 


28-Lead PCC 
28-Lead PCC 
44-Lead PCC 


6 

7 
8 


Thin Film or 
Composite Heads 



This package is available as a special order only. 
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ML511, MLSllR-Series 



4, 6f If or 8-Channel Ferrite 
Read /Write Circuits 



GENERAL DESCRIPTION 

The ML511 is a bipolar monolithic read /write circuit designed 
for use with center-tapped ferrite recording heads. The 
ML511 and ML511R are performance upgrades from the 
ML501 and ML501R. The R designation in the part number 
indicates that this part has internal head damping resistors. 

The ML511 provides up to eight multiplexed read/write data 
channels. These circuits exhibit features not found in similar 
read /write circuits such as improved write current stability 
and the elimination of write current "glitches" during power- 
up. The ML511 also provides a low noise read data path, and 
data protection circuitry for all of the channels. 



FEATURES 

■ Enhanced v^rite current stability 

■ ML511, ML511R is replacement for SSI 32R511/511Rand 
is designed for center-tapped ferrite heads 

■ Single or multi-platter Winchester drives 

■ Easily multiplexed for larger systems 

■ Power supply fault protection 

■ 1.5 nV/ \/Hz maximum input noise voltage 

■ TTL compatible control signals 

■ Programmable write current source 

■ Includes write unsafe detection 

■ Available in a selection of packages 

■ -hSV, -h12V power supplies 



BLOCK DIAGRAM 



VCC VddI GND VdD2 Vct 

▼ ~ ■=■ TFNTFR 



WRITE 
CURRENT 
DISABLE 



MODE 
SELECT 



RDXO- 
RDYO- 



WDIO- 



VOLTACE 

FAULT 
DETECTOR 



CENTER 

TAP 
DRIVER 



READ 
BUFFER 



^ 



<:t 



WRITE 

UNSAFE 

DETECTOR 



READ 
PREAMP . 



K 



WRITE 
DRIVER 



WRITE 
CURRENT 
SOURCE 



O 
WC 



— O HOX 


— HOY 


— H1X 


— HIY 


— H2X 


— H2Y 


— H3X 


— O H3Y 


— H4X 


— H4Y 


-0 H5X 


-0H5Y 


— O H6X 


— OH6Y 


-O H7X 


-O H7Y 



Micro Linear 
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PIN CONNECTIONS 



ML511-60RML511R-6 
6 Channels 

28-PIN PIP AND SOIC 



ML511-80RML511R-8 
8 Channels 




ML511-80RML511R-8 
8 Channels 

40-PIN DIP 




ML511-80RML511R-8 
8 Channels 



H1X NC HOX NC _ NC 

H1Y I NC I HOY I CND | CS | NC 




L-IL-ILJLJL-ILJLJLJLJI-JLJ 

NC I H7Y I Vdd2 I NC I NC I NC 



ML511-60RML511R-6 
6 Channels 



ML511R-7CS 
28-Lead SOIC 



ML511R-7CQ 
28-Lead PCC 



ML511-40RML511R-4 
4 Channels 





24 XI NC 

23 XICS 

22 in R/W 

21 inwc 

20 in RDY 

19 in RDX 

18 HD HSO 

17 ID HS1 

16 in Vcc 

15 ID WDI 

14 m WUS 

13 XI VddI 
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PIN DESCRIPTION 






NAME 


FUNCTION 


NAME 


FUNCTION 


HS0-HS2 


Head Select (eight heads) 


RDX, RDY 


X, Y Read Data (differential read 


CS 


Chip Select (low level enables 




signal out) 




chip) 


WC 


Write Current (used to set the write 


R/W 


Read /Write (high level selects 




current magnitude) 




Read mode) 


VCT 


Voltage Center Tap (center tap 


WUS 


Write Unsafe, open collecter out- 




voltage source) 




put (high level indicates an unsafe 


Vcc 


+5 volts 




writing condition) 


VddI 


+12 volts 


WDI 


Write Data In (negative transition 


Vdd2 


Positive supply for center tap 




toggles head current direction) 


GND 


Ground 


H0X-H7X 


X head connections 






H0Y-H7Y 


Y head connections 
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ABSOLUTE MAXIMUM RATINGS 

(Note 1) 

Power Supply Voltage Range 

VddI -0.3 to 14Vdc 

Vdd2 -OJtoMVoc 

Vcc -0.3 to 6Vdc 

Input Voltage Range 

Digital Inputs (CS, R/W, HS, WDI) -0.3 to Vcc +0.3 Vdc 

Head Ports (H0X-H7X, H0Y-H7Y .... -0.3 to VddI +0.3 Vpc 
Write Unsafe (WUS) -0.3 to 14Vdc 

Write Current dw) 60mA 

Output Current 

Read Data (RDX, RDY) -10mA 

Center Tap Current (Iq-) -60mA 

Write Unsafe (WUS) 12mA 

Storage Temperature -65°Cto 150°C 

Junction Temperature (Tj) 135°C 

Lead Temperature (Soldering 10 sec.) 300°C 



OPERATING CONDITIONS 



Supply Voltage 

VddI 12V±107o 

Vcc 5V±107o 

Head Inductance 

LH,ML511orML511R StolSjiiH 

Damping Resistor (Rd, ML511 only) 500 to 2000Q 

RCT Resistor (1/4 Watt) 120Q±57o 

Write Current dw) 10 to 40mA 



ELECTRICAL CHARACTERISTICS 



Unless otherwise specified Vdd! = Vqd^ 
(Notes 2 and 3). 


= 12V±107o,Vcc = 5V±10%, Rcr=120Q±5%Jw= 


= 40mA, 


0°C<Ta<70°C 


SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


DC OPERATING CHARACTERISTICS 


POWER SUPPLY 


Ice 


Vcc Supply Current 


Read or Idle Mode 






35 


mA 




Write Mode 






30 


mA 


'dd 


Vdd Supply Current 


Read Mode 






35 


mA 




Write Mode 






20+lw 


mA 




Idle Mode 






20 


mA 


Pd 


Power Dissipation 


Read Mode 






655 


mW 




Write Mode lw= 40 m A, 
RcT=OQ 






960 


mW 




Idle Mode 






455 


mW 


DIGITAL INPUTS (CS, R/W, HS, WDI) 


V,H 


High Voltage 




2 






Vdc 


V,L 


Low Voltage 








0.8 


Vdc 


l|H 


High Current 


V|H = 2.0V 






100 


/iA 


l|L 


Low Current 


V,L=0.8V 


-0.4 






mA 


WUS OUTPUT 


Vol 


Output Low Voltage 


loL= 8 mA (Safe) 






0.5 


Vdc 


'oh 


Output High Current 


VoH = 5V (Unsafe) 






100 


mA 


CENTER TAP VOLTAGES 


VCT 


Read Mode 


Read Mode 




4 




Vdc 


VCT 


Write Mode 


Write Mode 




6 




Vdc 
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ELECTRICAL CHARACTERISTICS (Continued) 

Unless othePA^ise specified Vdd1 = 'I2V±107o,Vcc = 5V±107o, Rct = 120Q±5%, lw=35mA, Lh = 10/[/H 
foATA = 5 MHz, Cl (RDX, RDY) < 20 pF, 0°C< Ta< 70°C (Notes 2 and 3) (V|n is referenced to Vct for Read 



, Rd = 750Q(ML511), 
Mode Characteristics). 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


WRITE MODE CHARACTERISTICS 


'hcw 


Head Current (per side) 


Write Mode 

0<Vcc<3.7V 

0<Vdd1<8.7V 


-200 




200 


mA 


'WR 


Write Current Range 


lw = K/Rwc 


10 




40 


mA 


K 


Write Current Constant 




2.375 




2.625 




Vhd 


Differential Head Voltage Swing 




7.0 






VPK 


'hu 


Unselected Head Transient 
Current 








2 


mApK 


Cod 


Differential Output Capacitance 








15 


pF 


Rod 


Differential Output Resistance 


MLSn 


10 k 






Q 




Tj = 25°C ML511R 


600 




960 


Q 


fwDI 


WDI Transition Frequency 


WUS = Low 


250 






kHz 


A| 


Ivvc to Head Current Gam 






0.99 




mA/mA 


II 


Unselected Head Leakage 


Sum of X & Y Side Leakage Current 






85 


IaA 


READ MODE CHARACTERISTICS 


Av 


Differential Voltage Gain 


V,N = 1mVp.p@300kH2, 
RL(RDX,RDY) = 1kQ 


85 




115 


V/V 


DR 


Dynamic Range 


DC Input Voltage (V,) Where Gain Falls 10%, 
V,N = V| -hO.5 mVp.p @ 300 kHz 


-3 




+3 


mV 


BW 


Bandwidth (-3dB) 


|Zsl<5Q,V,N = 1mVp.p 


30 






MHz 


eiN 


Input Noise Voltage 


BW=15MHz, Lh = 0, Rh=0 






1.5 


nWl \fHz 


C|N 


Differential Input Capacitance 


f=5MHz 






20 


pF 


R|N 


Differential Input Resistance 


f=5MHz,Tj=25°C ML511 
V,N = 6mVp.p MLSIIR 


2k 






Q 




460 




860 


Q 


'hcr 


Head Current (per side) 


Read or Idle Mode 
0<Vcc<5.5V 
0<Vdd1< 13.2 V 


-200 




200 


mA 


l|N 


Input Bias Current (1 side) 








45 


IxA 


CMRR 


Common-Mode Rejection Ratio 


VcM=VcT+100mVp.p@f=5MHz 


50 






dB 


PSRR 


Power Supply Rejection Ratio 


100mVp.p @ 5MHz on VddI. Vdd2, or Vcc 


45 






dB 


CS 


Channel Separation 


Unselected Channels: 
V,N = 100mVp.p@5MHz 
and Selected Channel: 
V,N = OmVp.p 


45 






dB 


Vqs 


Output Offset Voltage 


Read Mode 


-460 




-^460 


mV 




Write or Idle Mode 


-20 




-h20 


mV 


Vqcm 


Common-Mode Output Voltage 


Read Mode 


4.5 




6.5 


V 




Write or Idle Mode 




5.3 




V 


Rout 


Single-Ended Output Resistance 


f=5MHz 






30 


Q 


II 


Leakage Current, RDX, RDY 


(RDX, RDY) = 6V Write or Idle Mode 


-100 




100 


mA 


lo 


Output Current 


AC Coupled Load, RDX to RDY 


±2.1 






mA 
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ELECTRICAL CHARACTERISTICS (Continued) 

Unless otherwise specified VDDl = 12V±107o,Vcc=5V±10%,RcT=120Q±57o,lw=35mA,LH = 10(iH,RD = 750Q(ML511), 
fDATA=5MHz,0°C<TA<70°C(Notes2and3). 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


SWITCHING CHARACTERISTICS 


tRW 


R/ W to Write Switching Delay 


To 90% of Write Current Output 






1 


/iS 


twR 


R/Wto Read Switching Delay 


To 90% of lOOmV, 10 MHz Read Signal 
Envelope or to 90% Decay of 
Write Current 






1 


/iS 


t|W 

or 

t|R 


CS to Select Switching Delay 


To 90% of Write Current or to 90% of 
100 my 10 MHz Read Signal Envelope 






1 


MS 


twi 
or 

tRI 


CS to Unselect Switching Delay 


To 90% Decay of 100 mV, 10 MHz Read 
Signal Envelope or to 90% Decay of Write 
Current 






1 


MS 


tHS 


Head Select Switching Delay 


To 90% of 100 mV, 10 MHz Read Signal 
Envelope 






1 


MS 


tDI 


Safe to Unsafe 
Write Unsafe Delay 


lw = 35mA 


1.6 




8 


US 


tD2 


Unsafe to Safe 
Write Unsafe Delay 


lw = 35mA 






1 


us 


tD3 


Prop. Delay Head Current 


Lh = 0, Rh=0 From 50% points 






25 


ns 




Asymmetry Head Current 


WD! has 50% Duty Cycle and 1 nS Rise/FalT 
Time 






2 


ns 




Rise/Fall Head Current 


10% and 90% Points 






20 


ns 



Note 1: Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 

specified are measured with respect to ground. 

Note 2: Limits are guaranteed by 100% testing, sampling, or correlation with worst-case test conditions. 

Note 3: Maximum junction temperature (Tj) should not exceed 135°C. 



TIMING DIAGRAM 




Write Mode Timing Diagram 



Micro Linear 
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FUNCTIONAL DESCRIPTION 

CIRCUIT OPERATION 

For any selected head, the ML511 functions as a read ampli- 
fier when in the Read mode, or as a write current switch 
when in the Write mode. Pins HSO, HS1 and HS2 determine 
head selection while pin R/W controls the Read /Write 
mode. A detected "write-unsafe" condition is indicated by 
pinWUS. 

READ MODE 

When the ML511 is in the Read Mode, it operates as a low- 
noise differential amplifier on the selected channel. In Read 
mode the write data flip-flop is set and both the write unsafe 
detector and the write current source are deactivated. The 
center tap voltage is also lowered. Pins RDX and RDY provide 
differential emitter follower outputs which are in phase with 
the X and Y head input pins. 

Note that during the Read or Chip Deselect mode the inter- 
nal write current is deactivated, thus making external write 
current gating unnecessary. 

WRITE MODE 

The ML511 operates as a write-current switch when in the 
Write mode. Write current magnitude is determined by the 
following relationship: 

Iw = K/Ryvc 

Where: K == Write Current Constant 



Tablet. 



Rwc 



= Resistance connected between pin WC and 
GND. 



The head current is toggled between the X and Y side of the 
selected head by a negative transition on WDI (Write Data 
Input). When switching the ML511 to write mode, the WDFF 
(Write Data Flip-Flop) is initialized to pass write current 
through the X-side of the head. 

The ML511, ML511R exhibit enhanced write current stability 
compared to similar read /write circuits, which reduces the 
problem of oscillation. This is a result of increased internal 
write current compensation. Also, write current "glitches" 
during power-up, common in similar read/write circuits, are 
eliminated with an exclusive write current disabling function. 

The WUS (Write Unsafe) pin is an open collector output that 
gives a logic high level for any of the following unsafe write 
conditions: 

• Open head 

• Open head center-tap 

• Too low WDI frequency 

• Read mode selected 

• Device not selected 

• No write current 

Two negative transitions on WDI are required to clear WUS 
after the fault condition is removed. 

The ML511 also ofi^ers a voltage fault detection circuit that 
prevents write current during power-loss or power-up. 



Table 2. 



Head Select 



HS2 


HS1 


HSO 


HEAD 




















1 


1 





1 





2 





1 


1 


3 


1 








4 


1 





1 


5 


1 


1 





6 


1 


1 


1 


7 



= Logic Level Low 

1 = Logic Level High 
X = Don't Care 



Mode Select 



CS 


R/W 


MODE 








Write 





1 


Read 


1 


X 


idle 



= Logic Level Low 

1 = Logic Level High 
X = Don't Care 
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TYPICAL APPLICATION 



|2K 



MICROPROCESSOR 

AND 
CONTROL LOGIC 



WRITE DATA INPUT - 



READ DATA OUTPUT 



VCC VddI VdD2 Vct 

HOX 



WUS 
R/W 
CS 



HSO 
HS1 
HS2 



HOY 
H1X 



H1Y 
H2X 



H2Y 
H3X 



ML511/511R H3Y 

H4X 



H4Y 
H5X 



WDI 
RDX 
RDY 



H5Y 
H6X 



H6Y 
H7X 



GND H7Y 



RD>(4) 



i' 



i 



i 



i 



i 



y READ/WRITE 
/ HEADS 



]■ 



;]■ 



§■ 



NOTES: 

1. RCT is optional and is used to limit internal power dissipation 
(Otherwise connect VqqI to V[j[j2). 

RCT (1/2 Watt) = 120 (40/ Iwr) ohms 
where 1^ = Write Current, in mA 

2. Ferrite bead optional: used to suppress write current overshoot 
and ringing. Recommend Ferroxcube 3659065/4A6. 

3. RDX and RDY load capacitance 20 pF maximum. RDX and RDY 
output current must be limited to 100 piA. 

4. Damping resistors not required on ML511R. 
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ORDERING INFORMATION 



PART NUMBER 


PACKAGE 


NUMBER OF CHANNELS 


ML511-4CS 
ML511R-4CS 


24-Lead SOIC 
24-Lead SOIC 


4 
4 


ML511-6CP 

ML511R-6CP 

ML511-6CQ 

ML511R-6CQ 

ML511-6CS 

ML511R-6CS 


28-Lead Molded DIP 
28-Lead Molded DIP 
28-Lead PCC 
28-Lead PCC 
28-Lead SOIC 
28-Lead SOIC 


6 
6 
6 
6 
6 
6 


ML511R-7CS 
ML511R-7CQ 


28-Lead SOIC 
28-Lead PCC 


7 
7 


ML511-8CP 

ML511R-8CP 

ML511-8CQ 

ML511R-8CQ 

ML511-8CS 

ML511R-8CS 


40-Lead Molded DIP 
40-Lead Molded DIP 
44-Lead PCC 
44-Lead PCC 
32-Lead SOIC 
32-Lead SOIC 


8 
8 
8 
8 
8 
8 



THERMAL CHARACTERISTICS 



PIN COUNT 


PACKAGE 


^a 


24-Lead 


SOIC 


75°C/W 


28-Lead 


PDIP 


55°C/W 


28-Lead 


PCC 


65°C/W 


28-Lead 


SOIC 


70°C/W 


32-Lead 


SOIC 


60°C/W 


44-Lead 


PCC 


60°C/W 


40-Lead 


PDIP 


45°C/W 
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Read Data Processor 



GENERAL DESCRIPTION 

The ML541 is a monolithic bipolar integrated circuit for use in 
a disk drive system to detect analog pulse peaks generated by 
the recording head during a Read operation. Connected to 
the read /write amplifier output, it detects valid data and 
provides a TTL output to the data separator for further proc- 
essing. It contains both analog and digital circuitry and sup- 
ports the reading of MFM and RLL encoded data at rates up 
to 15 megabits /second. 

The primary functional blocks within the device include an 
AGC amplifier, a level detector, a slope detector, and output 
logic. Operating modes Read, Write, and Hold are selectable 
with input logic signals. Read mode is used for pulse peak 
detection during a Read operation. Write mode disables the 
device's ouput during a Write operation, while Hold mode 
holds the AGC gain constant during recovery of embedded 
servo information. 

By using both level and slope detection, accurate pulse vali- 
dation and peak time detection is acheived. The ML541 per- 
formance can be adjusted to fit particular needs through 
external component selection. 

The ML541 is available both in a 24-pin PDIP and 28-pin 
PCC. 



FEATURES 

■ Second source for SSI 541 

■ Data rates up to 15 megabits /second 

■ Supports MFM and RLL encoded read data 

■ 25 MHz wide-bandwidth AGC amplifier 

■ Fast AGC region for fast transient recover 

■ Slow AGC region for minimum zero crossing distortion 

■ Write to read transient suppression 

■ Supports embedded servo decoding 

■ -i-5V, +12V power supplies 



SIMPLIFIED BLOCK DIAGRAM 



DIFFERENTIAL 
ANALOG SIGNALS 



^ ^X^ IM 
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5-27 



ML541 



PIN CONNECTIONS 



24-Pin DIP and SOIC Package 



28-Pin PCC Package 



D|F-[ 


1 


""^O" 


24 




C|N + 


D|F+[ 


2 




23 




DiN-H 


HYS [ 


3 




22 




CiN- 


LEVEL [ 


4 




21 




D|N- 


AGC[ 


5 




20 




OUT- 


IN+ [ 


6 




19 




OUT + 


IN- [ 


7 




18 




AGND 


HOLDB [ 


8 




17 




BYP 


Vdd[ 


9 




16 




DGND 


COUT [ 


10 




15 




DOUT 


R/WB [ 


11 




14 




RD 


OS [ 


12 




13 




Vcc 



HYS D|F- D|N-^ 

NC I D|F+ I C|N+ I C|N- 





y 


4 


3 


2 


1 


28 


27 


26 






LEVEL [ 


5 
















25 


]nc 


AGC [ 


6 
















24 


]Din- 


IN+ [ 


7 
















23 


] OUT- 


IN- [ 


8 
















22 


] OUT + 


HOLDB [ 


9 
















21 


] AGND 


Vdd[ 


10 
















20 


] BYP 


CoUT [ 


11 
















19 


] DGND 






12 


13 


14 


15 


16 


17 


18 










LJLJ 
R/WB 1 
OS 


■a 

NC 


V 

Vcc 


RD 


LJ 

1 

NC 


13 

DoUT 





PIN DESCRIPTION 



NAME 


FUNCTION 


Vcc 


+5V 


Vdd 


+12V 


AGND 


Analog Ground. 


DGND 


Digital Ground. 


R/WB 


TTL compatible Read/Write Control 


IN+JN- 


pin. 

Analog Signal Input pins 


OUT+,OUT- 


AGC Amplifier Output pins 


BYP 


The AGC timing capacitor Cagc 's 




tied betvi^een this pin and AGND. 


HOLDB 


TTL compatible pin that holds the 




AGC gain when pulled lov^. 


AGC 


Reference input voltage level for the 




AGC circuit. 


D|N+/D|N_ 


Analog input to the hysteresis com- 




parator. 



NAME 



FUNCTION 



HYS I nput for setti ng hysteresis level of the 

hysteresis comparator. 
LEVEL Provides rectified signal level for input 

to the hysteresis comparator. 
DouT Buffered test point for monitoring D 

input of the flip-flop. 
Qn+/ C|n- Analog input to the differentiator. 

D|F-^, D|F_ External differentiating netv^ork con- 

nection pins. 
Cqut Buffered test point for monitoring the 

clock input to the flip-flop. 
OS Connection for read output pulse 

width setting capacitor Cos- 
RD TTL compatible read output. 



TABLE 1 MODE SELECT 



R/WB 


HOLDB 


MODE 


DESCRIPTION 


1 


1 


READ 


AGC amp section active. Digital section active. 


1 





HOLD 


AGC gain constant, Digital section active. 





X 


WRITE 


. AGC gain maximum, Digital section inactive, 
Input common mode resistance reduced. 



= Logic level low 

1 = Logic level high 
X = Don't care 
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ABSOLUTE MAXIMUM RATINGS 

(Note 1) 

Power Supply Voltage Range 

Vcc -03 to 6Vdc 

Vdd -0.3to14Vtx: 

Terminal Voltage Range 

R/WB, IN+, IN-, HOLDB -0.3Vto Vcc +0-3V 

RD -0.3VtoVcc +0.3Vor +12mA 

All others -0.3Vto Vqd +0.3V 

Storage Temperature Range -65°Cto +150°C 

Junction Temperature CTj) +135°C 

Lead Temperature (Soldering, lOsec) 260°C 



OPERATING CONDITIONS 

Supply Voltage 

Vcc 5V±107o 

Vdd 12V±107o 

X(C|N + -C|N-)' V(D|N4.-D|N-) IW-P 

Vhys 1.0V 

Cos 50to 2(X)pF 

Typical Component Values (Refer to Typical Applications) 

C|N 0.001/iF 

Cs O.OlptF 

CouT 0.0047MF 

Rout 400Q 

Cagci 220pF 

CagC2 2000pF 

Ragc ' 2.21kQ 

Qevel 150pF 

Rleveli 1.54kQ 

RLEVEL2 6.49kQ 

Cos 50pF 



ELECTRICAL CHARACTERISTICS 

The following specifications apply over the recommended operating conditions of Vcc= 5 V ± 10%, Vdd=12 V ±10%, 
0°C<Ta<70°C and external components as specified under recommended operating conditions unless otherwise specified. 
(See Note 2.) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 
NOTES 


MAX 


UNITS 


DC Characteristics 


Ice 


Vcc Supply Current 


Outputs unloaded 






14 


mA 


Idd 


Vdd Supply Current 


Outputs unloaded 






70 


mA 


Pd 


Fbwer Dissipation 


Outputs unloaded, 
Ta=70°C 






930 


mW 


Digital Inputs Characteristics (HOLDB, R/WB) 


V,H 


High Voltage 




2 






V 


V,L 


Low Voltage 








0.8 


V 


llH 


High Current 


V,H = 2.4V 






100 


mA 


l|L 


Low Current 


V|L=0.4V 


-0.4 






mA 


Digital Outputs Characteristics (Cqut/ RD) 


Vol 


Output Low Voltage 


loL=4mA 






0.4 


V 


VoH 


Output High Voltage 


Ioh-400hA 


2.4 






V 


WRITE AND HOLD MODE CHARACTERISTICS 


Mode Control 


tRW 


Read to Write 
Transition Time 








1 


MS 


twR 


Write to Read Transition Time 


AGC settling not included, 
time to high input resistance 


1.2 




3 


MS 


tRH 


Read to Hold Transition Time 








1 


MS 


Write Mode 


Zic 


Common Mode Input 
Impedance (both sides) 


R/WB pin = low 




250 




Q 
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ELECTRICAL CHARACTERISTICS (Continued) 

The following specifications apply over the recommended operating conditions of Vcc= 5 V ± 10%, Vdd = 12 V ± 10%, 
0°C<Ta< 70°C, in + and IN - AC coupled, OUT+ and OUT- differentially loaded with >600Q and each side loaded with 
<10pF to GND, Cbyp=2000pF, OUT+ and OUT- AC coupled to D|N4- and D|n- respectively, Vagc = 2.2V unless otherwise 
specified. (See Note 2.) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 
NOTES 


MAX 


UNITS 


READ MODE CHARACTERISICS 


ACC Amplifier 


R|D 


Differential input Resistance 


V(,N+_iN-) = 100mVp.p@ 2.5MHz 




5 




kQ 


C,D 


Differential Input Capacitance 


V(iN+_iN-) = 100mVp.p@2.5MH2 






10 


PF 


Zic 


Common Mode Input 
Impedance (both sides) 


R/WB pin high 




1.8 




kQ 




R/WB pin low 




0.25 




kQ 


AvR 


Gain Range 


1Vp.p<VouTd.ff<2.5Vp.p 


4 




83 


V/V 


eN 


Input Noise Voltage 


Gain set to maximum 






30 


nV/\/H7 


BW 


Bandwidth 


Gain set to maximum, -3dB point 


25 






MHz 


VoP 


Maximum Output Voltage 
Swing 


Set by Vagc 


3 






Vp.p 


bo 


OUT+toOUT- Pin Current 


No DC path to GND, See Note 3 


±3.2 






mA 


Ro 


Output Resistance 






20 


30 


Q 


Co 


Output Capacitance 






12 




pF 


V,P 
Vagc 


(D|N + -D|N_) Input Voltage 
Swing VS AGC Input Level 


30mVp.p<V(iN+-iN-)<550mVp.p, 
1.5V<Vagc<3.75V 




0.48 




Vp.p/V 


V,P 


(D|N + -D,N_) Input Voltage 
Swing Variation 


30mVp.p<V(,N+_iN-)<550mVp.p, 
AGC Fixed, over supply and temp. 






+8 


% 


to 


Gain Decay Time 


See Figure la; V|n = 300 mVp.p 
then >150mVp.p at 2.5MHz, 
Vouito 90% of final value. 




50 




//s 


tA 


Gain Attack Time 


See Figure lb; from Write to Read 
transition to Vqut ^t 1^0% of final 
value, V,N=400mVp.p@ 2.5MHz 




4 




/^s 


Uccfc 


Fast AGC Capacitor 
Charge Current 


V(D,n + -D,n_) = 1-6V,Vagc = 3.0V 




1.5 




mA 


•aGCsc 


Slow AGC Capacitor 
Charge Current 


V(D,N+-D,N_) = 1-6V, Vary Vagc until 
slow discharge begins 




0.17 




mA 




Fast to Slow Attack 
Switchover Point 


V(D,N + -D,N-) 




1.25 




- 




V(D,N+-D,N_) Final 




Ugcd 


AGC Capacitor 
Discharge Current 


'3^-<3e-'=°-°' 




4.5 




/iA 




Hold Mode 


-0.2 




+0.2 


mA 


CMRR 


CMRR (Input Referred) 


V,N+=V,N_=100mVp.p 
@5MHz, gainatmax. 


40 






dB 


PSRR 


PSRR (Input Referred) 


VccorVDD = 100mVp.p 
@ 5 MHz, gain at max. 


30 






dB 


Hysteresis Comparator 


V,P 


Input Signal Range 








1.5 


Vp.p 


R|D 


Differential Input Resistance 


V(D,N^-D,N_) = 100'^Vp.p@2.5MHz 


5 




15 


kQ 


C,D 


Differential Input Capacitance 


V(D,N+-D,N-) = '>00mVp.p@2.5MHz 






6.0 


pF 


Zic 


Common Mode Input 
Impedance 


(both sides) 




2.0 




kQ 


V,o 


Comparator Offset Voltage 


HYS pin at -0.5 V, < 1.5 kQ across 

D|N+/D|N- 




5 




mV 
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ELECTRICAL CHARACTERISTICS (Continued) 

The following specifications apply over the recommended operating conditions of Vcc= 5 V ± 10%, Vdd = 12 V ± 10%, 
0°C<Ta< 70°C, in + and IN - AC coupled, OUT+ and OUT- differentially loaded with >600Q and each side loaded with 
<10pFto GND, CBYP==2000pF, OUT+ and OUT- AC coupled to D|n+ and Din- respectively, Vagc = 2.2V unless otherwise 
specified. 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


READ MODE CHARACTERISICS (Continued) 


Hysteresis Comparator (Continued) 


Vhysp 
Vhys 


Peak Hysteresis Voltage vs HYS 
pin voltage (input referred) 


1V<Vhys<3V 




0.21 




v/v 


l| 


HYS Pin Input Current 


1V<Vhys<3V 







-20 


mA 


lo 


LEVEL Pin Max Output Current 




3 






mA 


Ro 


LEVEL Pin Output Resistance 


lLEVEL = 0-5mA 




180 




Q 


Vol 


Dqut Pin Output Low Voltage 


Ta=70°C 


Vdd-4.0 




Vdd-2.5 


V 


VoH 


DouT Pin Output High Voltage 


Ta = 70°C 


Vdd-2.2 




Vdd-1.5 


V 


Vol 


Dqut Pin Output Low Voltage 


Ta-25°C 


Vdd-4.0 




Vdd-2.8 


V 


VoH 


DouT Pin Output High Voltage 


Ta = 25°C 


Vdd-2.5 




Vdd-1.6 


V 


Active Differentiator 


V,p 


Input Signal Range 








1.5 


Vp.p 


1^1 D 


Differential Input Resistance 


V(C,N + -C,N-) = 100^Vp.p@ 2.5MHz 


5 




15 


kQ 


C,D 


Differential Input Capacitance 


V(C,N+-C,N_) = ''OOn^Vp.p@ 2.5MHz 






6 


PF 


Z.c 


Common Mode Input 
Impedance 


(both sides) 




2.0 




kQ 


Iqd 


D|F+ to D|F_ Pin Current 


Differentiator Imped must be set so as 
not to clip signal at this current level 


±1.3 






mA 


V,o 


Comparator Offset Voltage 


DiF+, D|F_ AC Coupled 




5 




mV 


Vol 


CouT Pin Output Low Voltage 


0<loH< 0.5 mA 




Vdd-3 




V 


Vpo 


CouT Pin Output Pulse Voltage 


0<loH<0.5mA 




0.4 




V 


PWo 


CouT Pin Output Pulse Width 


0<loH< 0.5 mA 




30 




ns 



The following specifications apply over the recommended operating conditions of Vcc = 5 V ± 10%, V[)d = 12 V ± 10%, 
0°C<Ta<70°C, V(c,N^_c,N_)=V(D,^^_D,N_) = 1.0Vp.p AC coupled sine wave at2.5MHz,RD,p=100Q,CD,p = 65pF,VHYS = 1.8V, 
Cos=60pF, 4kQtoVccand10pFtoGNDon pin RD unless otherwise specified. 



Output Data Characteristics (Refer to Figure 2) 


tDI 


D-Flip-FlopSetUpTime 


Min delay from V(D,^^-D,N_) 

exceeding threshold to V(D|p^_D|F ) 
reaching a peak 









ns 


tD3 


Propagation Delay 








110 


ns 


tD5 


Output Data Pulse Width 


Ta = 25°C,Vcc = 5V,Vdd = 12V 




±15% 






tD5 


Output Data Pulse Width 
Variation 


Cos = 60pF,SeeNote4 


30 




80 


ns 


tD3-tD4 


Logic Skew (Pulse Pairing) 








3 


ns 


tR 


Output Rise Time 


VoH = 2.4V 






18 


ns 


tp 


Output Fall Time 


Vol = 0.4 V 






14 


ns 



Note 1: Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 

specified are measured with respect to ground. 

Note 2: Limits are guaranteed by 100% testing, sampling, or correlation with worst-case test conditions. 

Note 3: AGC amplifier output current may be increased as in Figure 4. 

Note 4: tos = 770 (Cos), 50pF < Cqs < 150pR 

Note 5: Typicals are parametric norm at 25°C 
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FUNCTIONAL DESCRIPTION 

Operating Modes 

The ML541 has three definitive operation modes which are: 
Read mode, Write mode and Hold mode. These modes are 
defined by input pins HOLDB and R/WB as shown in Table 
1. Read mode, the mode used normally for pulse detection, is 
assumed in the following sections unless otherwise noted. 

AGC Amplifier Section 

The purpose of the AGC amplifier is to provide a constant 
read signal level for both the level and slope detectors. Full 
differential processing of the read signal is used to minimize 
noise and distortion in the analog signal. A wide gain range is 
required due to large signal variation when moving the re- 
cording head from an inside to outside data track or varia- 
tions in media. 

The differential output voltage level Vqut ^^om the AGC amp 
is determined by voltage Vagc present at pin AGC Vqut 's 
full wave rectified and compared against Vagc to create 
charge /discharge current for capacitor Cbyp connected at 
pin BYR Voltage Vbyp across Cbyp controls the gain in the 
AGC amplifier. 

Two distinct values of Ibyp are possible which determine a fast 
and slow AGC gain response attack rate. When Vqut 's more 
than 1257o of the set level a high value of Ibyp 's sourced 
which provides a fast AGC attack rate. When Vqut 's within 
100% to 1257o of the set level a reduced value of Ibyp is 
sourced which provides a slower attack rate. The fast-slow 
gain response attack rates provides for an initial quick system 
response and then minimum zero crossing distortion of the 
analog signal once the gain is within working range. Vagc 
should be set so that the differential input voltage Vqin '"to 
the level comparator is 1 Vp.p at nominal Read signal condi- 
tions. The AGC amp section gain is given by: 



Av2 ^ gxD ^BYP2 - VbYPI 

Avi 5.8 X Vt 

Where: Ayi, Av2 are initial and final amplifier gain values 
corresponding to initial and final Vbyp values. 

Vj = (KT)/Q = 26 mV at room temperature. 

The AGC amp's differential inputs must be AC coupled to the 
read amplifier (ML117, ML501, etc.) differential outputs. Simi- 
larly, AC coupling must be used at the AGC amp outputs. 

AGC Amp During Write Mode— When the ML541 is put into 
write mode, the AGC amp's input impedance is lowered to 
allow a faster dampening of the Write to Read transient from 
the head pre-amp. The AGC gain is also set to maximum gain 
so that fast AGC attack will occur when changing back to the 
Read mode. Internal device timing is controlled so that set- 
tling occurs prior to Read mode activation. Minimal value 
input coupling capacitors should be chosen to reduce set- 
tling time, however, bandwidth requirements also need to be 
considered. 

AGC Amp During Hold Mode— During the Hold mode, the 
charge/discharge current driving pin BYP is internally discon- 
nected. AGC compensation capacitor Cagc will then hold 
the present gain setting. The amplitude of Vqut will therefore 
not affect the AGC gain and gain will remain constant. 



Hold mode is used so that AGC gain will not be adjusted 
when embedded servo information is read. This prevents 
loosing the pulse peak amplitude information needed during 
position decoding, or creating additional gain settling time 
when again reading data. Embedded servo pulses are nor- 
mally taken at outputs D|f- and D|f+, as shown in the typical 
application. 

External Filter Network 

Filtering for the level and slope detectors can be performed 
with a single filter or two separate filters. If separate filters are 
used, care must be used to insure that time delays are 
matched. A multi-pole Bessell filter is recommended due to 
the group delay and linear phase characteristics. 

Level Detector 

The full wave rectified Vqut 's buffered and available at pin 
LEVEL. The level detector uses a hysteresis comparator to 
compare the processed read signal amplitude against a refer- 
ence voltage derived from voltage Vlevel output from pin 
LEVEL. Using Vlevel provides a feed-forward function that 
allows valid level detection to be performed prior to AGC 
amp gain settling. The level detector hysteresis value is set in 
a way that will only allow relatively large read pulse peaks 
(negative or positive) to be detected. 

Slope Detector 

The slope detector uses an external reactive component 
network to produce a voltage signal proportional to the differ- 
ential of the read signal. By using a hysteresis comparator to 
detect zero slope of the read signal, the time occurrence 
of positive or negative read pulse peak values can be 
determined. 

An external reactive network, shown in the Typical Applica- 
tion, is used between the D|f+ and D|f_ pins to provide the 
differential function given by: 



Av = - 



-2000Cs 



LCs2 + (R -h 92) Cs + 1 

Where: C = External capacitor (20pFto 150 pF) 
L = External inductor 
R = External resistor 
s = JQ) = j27rf 

Output Logic 

The output logic provides a negative TTL pulse at pin RD 
which begins at the peak of a valid read pulse, as shown 
below. 



TYPICAL INPUT 
READ SIGNAL 



ML541 OUTPUT 
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Pin R/ WB must be high for the output logic to be active. The 
key element in the output logic is the D flip-flop. The flip-flop 
is clocked by the slope detector at the time of a zero crossing, 
which loads data from level detector. The flip-flop inputs only 
change state when the level detector detects a peak ampli- 
tude of a polarity opposite to the previous valid peak. Thus, 
through the output logic the slope detector determines out- 
put timing and the level detector determines pulse validity. 



Layout G)nsiderations 

As with any high gain, wide bandwidth analog circuitry, care 
needs to be exercised in PC layout. Power supply and ground 
lines should be bypassed and well isolated from other cir- 
cuitry. A ground plane is recommended, as is keeping analog 
lines short and well balanced to prevent interaction with 
nearby circuitry in the disk drive. 
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Figure 1. AGC Timing Diagram 
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Figure 2. Output Logic Timing Diagram 
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TYPICAL APPLICATIONS 
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Figure 3. Typical Application Diagram 
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Figure 4. Modification of AGC Amplifier Output to Drive Low Impedance Filters 
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ORDERING INFORMATION 









TEMPERATURE 


PART NUMBER 


PACKAGE 


PIN COUNT 


RANGE 


ML541CP 


Plastic DIP 


24 PINS 


0°C to +70°C 


ML541CJ 


Ceramic DIP 


24 PINS 


0°C to +70''C 


ML541CQ 


Plastic PCC 


28 PINS 


O^'C to +70°C 


ML541CS 


SOIC 


24 PINS 


O^'C to +70''C 
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Data Separator 



GENERAL DESCRIPTION 

The ML4025 provides the data separator function for 
RLL encoded magnetic or optical disk drive systems. Its 
primary function is to extract the clock information 
from a serial bitstream, and use this clock signal to 
synchronize the bitstream and clock it Into an external 
decoder. This data and clock separation is achieved 
with a special function phase lock loop (PLL) circuit. 

In addition, the ML4025 provides a 2/3 clock output 
for use with RLL (1, 7) codes. This eliminates the 
external circuitry that is required when using other 
similar data separators. 

The special function PLL consists of a dual mode phase 
detector, a charge pump, a buffer amplifier, a voltage 
controlled oscillator (VCO), and an external loop filter. 
The PLL operates in two distinct modes, high gain for 
rapid acquisition, and low gain for minimum jitter after 
lock. 



FEATURES 

■ Data rates up to 33 Mbits/sec 

■ No adjustments necessary 

■ Compatible with all drives and controllers 

■ Provides 2/3 rate clock on chip for RLL(1, 7) codes 

■ Eliminates false glitches on data clock output 
during read to write transitions 

■ Utilizes ECL technology for lower noise and phase 
jitter 

■ Precision high Q oscillator with external LC for low 
phase noise 

■ Zero phase error startup of VCO 
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GENERAL DESCRIPTION (Continued) 

In addition to the PLL the ML4025 has an input selector, 
VCO clamp and restart sequencer, gain control, voltage 
regulator, data synchronizer, clock divide, and output 
buffers. 

The VCO clamp and restart sequencer is used to stop 
the oscillator and then restart it in-phase with the 
bitstream. This provides a zero phase error startup 
mode for consistent and optimum phase acquisition. 
This circuit also eliminates the possibility of short pulse 
widths that might otherwise occur on the data clock 
during write to read transitions. 

Low phase jitter operation is achieved by utilizing ECL 
logic which minimizes noise coupling into the sensitive 
analog circuits. In addition, the on board voltage 
reference rejects power supply noise to further 



enhance the low phase jitter operation. This reference 
provides stable device operation over the full 
temperature and power supply range. 

External components set the center frequency and 
dynamic range of the voltage controlled oscillator. This 
allows the system engineer to achieve an optimum 
configuration for virtually any drive application. 
Performance can be even further optimized by using 
the FILTMODE output to modify the external loop filter 
components for maximum performance in both high 
and low gain modes. 

The ML4025 implements the complete high 
performance data separator function in SCSI, ESDI, 
SMD, and ST506 type interfaces and drives. 



PIN CONFIGURATIONS 
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PIN DESCRIPTION 



NAME 



FUNCTION 



NAME 



FUNCTION 



RC READ GATE: Selects the phase or frequency 

mode of the phase detector. RG may be tied 
to VFGEN input when VFGEN is used in the 
level mode. RG should preferably be set at, or 
prior to, a change in VFGEN. Logic 1 allows 
the phase detector to run in the phase mode 
(data read) or to progress sequentially from the 
frequency mode to the phase mode. 

Logic forces the phase detector to run in the 
frequency mode. 

ACQ ACQUIRE: Controls the high/low gain state of 
the charge pump. 

Logic 1 allows the charge pump to switch to 
high gain with a change in VFGEN and to 
synchronously switch to low gain after 
approximately 37 pulses at the selected input; 
i.e., either RD or WC If the charge pump is in 
high gain, switching to logic immediately 
terminates the internal pulse count and causes 
the charge pump to synchronously switch to 
low gain. Tying ACQ to RG provides a means 
for enabling high gain acquisition in the phase 
mode only. 

Logic forces a low gain charge pump. 

VFGEN VFG ENABLE: Used to select RD or WC as the 
input channel. The transition from 1 to 0, or 
to 1, initiates the oscillator clamp, zero-phase 
error startup sequence, as well as the charge 
pump gain change sequence (if allowed, via 
the ACQ input). A positive or negative pulse of 
width 1 to 3 oscillator periods may be used as 
the VFGEN input. In this mode, the RD and 
WC inputs must be tied together with an 
external data selector. 

Logic 1 selects the RD input. 

Logic selects the WC input. 

RD READ DATA: The raw encoded data from the 

drive read channel. The ML4025 is triggered by 
the rising edge of the data on the RD input 
when VFGEN is in the logic 1 state. 

WC WRITE CLOCK: This is a 50% duty-cycle input 

which is at the frequency of the oscillator used 
to write data onto the drive or, alternately, an 
oscillator at the appropriate frequency 
generated from a clock track on the disk drive. 
This input is used to allow the PLL to track the 
nominal data frequency when RD is not 
available. The ML4025 is falling edge triggered 
by the signal at the WC input when VFGEN is 
in the logic state. 

SUB SUBSTRATE AND ECL GROUND: All three 

ground pins, SUB, TTL GND, and AGND 
should be tied together. 



TTL GND OUTPUT DIGITAL GROUND (common external 
ground): See SUB pin. 

DVcc DIGITAL SUPPLY. 

FILTMODE FILTER MODE: The FILTMGDE output is logic 1 
when the phase detector is in the phase mode 
and the charge pump is in low gain. 
Otherwise, it is logic 0. The FILTMGDE output 
may be used to modify the PLL filter when 
switching from high to low gain at the 
transition from acquisition to tracking (data 
read) mode. 

SYNCDATA SYNCHRONIZED DATA: This is the 

synchronized (standardized) data output. 

DATACLK DATA CLOCK: The falling edge of this output 
clocks SYNCDATA. 

AMP OSCILLATOR AMPLITUDE: Oscillator AGC loop 
rate capacitor. 

OSCOUT OSCILLATOR GUT: Oscillator current drive. 

CLAMP OSCILLATOR CLAMP: Oscillator clamp voltage 
source. 

OSCIN OSCILLATOR IN: Oscillator input. 

DATAEN DATA ENABLE (Coast): A low forces the charge 
pump to ignore incoming data. This pin 
defaults high. 

AVcc ANALOG SUPPLY 

AGND ANALOG GROUND (common external ground): 
See SUB pin. 

VREG7P6 VREG 7.6V: Internally regulated supply brought 
out for filter capacitor only. 

VREG6P8 VREG 6.8V: Internally regulated supply brought 
out for filter capacitor and to set the charge 
pump bias current. 

INTGUT INTEGRATOR OUTPUT: Output of buffer 
amplifier. 

INTIN INTEGRATOR INPUT: Inverting input to buffer 
amplifier. 

IsET CURRENT SET: Charge pump bias current set 

by external resistor. 

Vref voltage REFERENCE: Internally generated 

reference for integrator, brought out for filter 
capacitor only. 

CON12 CONTROL INPUT: Selects the divide by ratio 
of the divide by one/divide by two circuit. 
Selects the divide by two when connected to 
DVcc 2ind selects divide by one or pass 
through when connected to SUB. When used 
as divide by two the oscillator frequency 
should be twice the incoming data rate. This 
pin defaults low. 

CLK2S3 2/3 CLOCK OUTPUT: When the oscillator is 
set to twice the data rate and CON12 is logic 
0, a 2/3 rate clock output is provided for RLL 
(1, 7) coding. 
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ABSOLUTE MAXIMUM RATINGS 

Power Supply Voltage, AVcc 14V 

Power Supply Voltage, DVcc TV 

Input Voltage Range Positive DVcc + 0-2V 

Input Voltage Range Negative -0.2V 

Voltage Difference SUB to TTL GND ±0.3V 

Storage Temperature Range -65° to +150° 

Junction Temperature (Tj) TBD (Note 1) 

Lead Temperature (Soldering, 10 sec) 260° 



OPERATING CONDITIONS 

Temperature Range 0° to +70° 

Supply Voltage, DVcc 5V ± 5% 

Supply Voltage, AVcc • 9.5V to 12.6V 



Absolute maximum ratings are those values beyond which the 
device could be permanently damaged. Absolute maximum ratings 
are stress ratings only and functional device operation Is not 
implied. (All voltages referenced to SUB unless otherwise specified.) 



ELEaRICAL CHARACTERISTICS 

Unless otherwise specified, AVcc = ''2V, DVcc = 5V, Ta = Room 


SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


AVcc 


Analog Supply Voltage 




9.5 


12.0 


12.6 


V 


Alec 


Analog Supply Current 






35 




mA 


DVcc 


Digital Supply Voltage 




4.75 


5.0 


5.25 


V 


Dice 


Digital Supply Current 






95 




mA 




Analog to TTL Ground Diff 




-0.2 




0.2 


V 


^N4AX 


Maximum Operating Frequency 




66 






MHz 


^OMAX 


Maximum Oscillator Frequency 


Appropriate External Components 


100 






MHz 


OA 


Oscillator Amplitude 




400 


500 


600 


mVp_p 


V,L 


Input Low Voltage 








0.8 


V 


V,H 


Input High Voltage 




2.0 






V 


l|L 


Input Low Current 


DVcc = 5.25V, V, = 0.4V 






-0.4 


mA 


llH 


Input High Current 


DVcc = 5.25V, V, = 2.4V 






20 


M 


Vol 


Output Low Voltage 


IcL = 3.2mA 






0.4 


V 


VOH 


Output High Voltage 


loH = 400M 


3.4 






V 


CPL 


Charge Pump Rate 


Low Gain Charging 
Low Gain Discharging 


300 
600 


325 
650 


335 
670 




CPH 


Charge Pump Rate 


High Gain 


1.20 


1.30 


1.34 


mA 


CPE 


Clamp Release Phase Error 


Phase Mode, tosc = OSC Period (ns) 


-2 




+2 


ns 


LRPDCP 


Phase Detector Charge Pump 
Linear Range 




-IT 




+7r 


rad 


PEPD 


Phase Detector Phase Discrimination 
Error 




-47r/tosc 




+47r/tosc 


rad 


VOLB 


Buffer, Integrator Output 
Low Voltage 




.3 


.6 


.8 


V 


VOLH 


Buffer, Integrator Output 
High Voltage 




6.1 


6.4 


6.8 


V 


BWb 


Buffer, Integrator Bandwidth 




5.0 






MHz 


l|6 


Buffer Input Bias Current 




.1 






M 


UDS 


Data Sep. Uncertainty 


tosc = ''/^osc 




.05 X tosc 






SDLDC 


SYNCDATA Leading DATACLK 


fosc = 30MHz 


10.0 


19.0 


25.0 


ns 



Note 1: The supply currents (Alec ^"d Dice) exhibit a 



negative TC; preliminary calculations suggest a maximum Tj of 133°C. 
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FUNCTIONAL DESCRIPTION 

The ML4025 extracts the clock from a serial bitstream 
and uses that clock to synchronize the bitstream into a 
decoder like the AIC-270. This is accomplished by 
phase locking the voltage controlled oscillator (VCO) to 
the incoming data. The VCO is synchronized to the 
average incoming frequency of the bitstream. The VCO 
frequency is equivalent to the clock frequency of the 
data. The unsynchronized data is gated with this clock 
signal to create synchronized data. 

The following is a description of the functional blocks 
of the ML4025. 

INPUT SELECTOR 

This block directs either the Read Data (RD) or the 
Write Clock (WC) signal to the phase detector block 
depending on the level of the control signal VFOEN. If 
VFOEN is low the Write Clock is selected and if VFOEN 
is high then the Read Data is selected. The selected 
signal is synchronized to the rising edge of the VFOEN 
signal and supplied to the gain control block. 

If an external input selector is used or the input 
selector function is not required, the RD and WC 
inputs should be tied together. 

PHASE DETECTOR 

This block compares the phase of the incoming signal 
with the phase of the VCO and outputs a signal to the 
charge pump block which is proportional to this 
difference. In the phase mode, the phase detector 
provides a window, which is set by the oscillator, and 
leads the oscillator by Vi period. This establishes a 
balanced +180 degree phase detection window and 
eliminates the need for delay lines used in alternative 
designs. 

CHARGE PUMP 

The charge pump converts the phase difference error 
signal from the phase detector to a bidirectional current 
at the INTIN pin. This output current is proportional to 
the phase difference between the oscillator and the 
input data. The charge pump block has two possible 
gain settings which are set by a signal from the gain 
control block. 

AMPLIFIER 

This buffer stage between the charge pump and the 
external filter circuit is configured with an external 
capacitor network as an integrator. It filters the pulse 
variations of the charge pump. It also provides a lower 
impedance output to drive the oscillator filter 
connector. This operational amplifier has a very low 
input bias current to minimize the discharge current 
loading on the loop filter. The amplifier has internal 
frequency compensation for stable operation. 



GAIN CONTROL 

This block provides the timing control signals to the 
phase detector and the charge pump circuits for 
selecting between the high and low gain modes. When 
a VFOEN transition occurs with a logic high at ACQ the 
high gain mode of the charge pump Is set. This high 
gain is maintained for approximately 37 pulses of the 
RD or WR input signals. After this time period the gain 
control resets the charge pump to the low gain mode. 

VCO 

The voltage controlled oscillator (VCO) is a gain 
controlled feedback oscillator with the center frequency 
set by an external LC network. The capacitance portion 
of this network consists of a varactor and a fixed 
capacitor. The external components set the oscillator 
dynamic range and therefore the PLL capture range as 
well as center frequency. 

VCO CLAMP AND RESTART 

The clamp circuitry stops the oscillator when the 
VFOEN signal changes state. The oscillator is then 
restarted in-phase with the input clock after a 3 bit 
time period. 

DATA SYNCHRONIZER 

This block synchronizes the incoming data to the clock 
information extracted by the PLL circuitry. The data and 
the clock information are both provided as outputs 
with the edges synchronized. 

DIVIDE BY TWO/ONE 

This block can be controlled to be a divide by two or a 
pass through (divide by one) function. When the divide 
by two mode is selected the VCO nominal frequency 
should typically be set to twice the nominal data rate. 
This assures that the data clock and the feedback signal 
to the phase detector have a 50% duty cycle. This is an 
additional block not provided in the AIC6225. 

DIVIDE BY THREE 

This divide by three function is provided to supply a 
2/3 rate clock signal (when used with the VCO running 
at twice the nominal speed) that can be used with RLL 
(1, 7) coding schemes. This is an additional block not 
provided in the AIC6225. 

OUTPUT BUFFERS 

These blocks are TTL compatible buffers for the 
DATACLK, SYNCDATA, FILTMODE, and CLK2S3 output 
signals. 



JS^ Micro Linear 



5-41 



ML4025 



VOLTAGE REFERENCE 

This block generates the required internal references 
including 6.8 volt and 7.6 volt outputs that are used 
with an external resistor to set the reference current for 
the charge pump. The voltage reference utilizes an 
accurate bandgap circuit to provide a stable bias 
voltages and increased power supply rejection for the 
circuits on the chip. 

DATA SEPARATOR UNCERTAINTY AND AVAILABLE 
WINDOW MARGIN 

Data Separator Uncertainty characterizes the maximum 
error which may exist in a device from a particular 
speed group. Data Separator Uncertainty includes DC 
offset and one standard deviation total jitter, assuming 
normally distributed jitter. It is measured in a "dynamic" 
environment, emulating worst-case bit-shift of 
alternating "early" and "late" data bits from a disk drive, 
representing the true data recovery capability of the 
device. In the ML4025, the Data Separator Uncertainty 
is less than 5% of the oscillator period. (See Figure 1) 



/ V 



m 



-Mw- 

tosc = OSCILLATOR PERIOD 

Mw = AVAILABLE WINDOW MARGIN 

Uds = DATA SEPARATOR UNCERTAINrV 

Mw = tosc/2 - Uds 



RLL MODE 




Figure 1. 
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Figure 2. Data Clock Output Timing 
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Figure 3. Typical Passive Component Connections 
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COMPONENT SELECTION GUIDE 

COMPONENT SELECTION (See Figure 3) 

I. VCO Tank Circuit 

A range of VCO frequencies f/vtAX - ^MIN can be 
determined from zone frequencies, and component 
tolerances. From this we can solve for C56 = C5 || Ce. 



Cmax 



\&- 



^ ^MIN 



-56 '■ 



^MAX - ~ ^MIN 

^ 'MIN ' 



Where Cmin ^"^d Cmax ^^^ the minimum and 
maximum capacitance values for the varactor diode 
over the range of integrator output voltages. For a 
MVAM109, Cmin = 70pF, Cmax = SOOpR 

For a 50MHz clock rate ± 20%, 



C56 = - 



/ / 60 \2 
(70) (500) I ( — ) - 

. 60 \2 
500 - — 70 
'40 ' 



128pF 



R2 can be maximized for optimum isolation of amplifier 
by making C^ small. 

Chosing Ce = 150pF, C5 = 910pF, C56 = 129pF, the value 
of Li, can be found by: 

C56 + Cmax „ ._ . , 

Li = = 0.15//H 

47r2 fMiN^ C56 Cmax 

1 

R2 can be chosen such that places a pole near 

R2 Ce 

the bandwidth of the amplifier. This will help to roll off 
high frequency components without distorting the loop 
filter. 

1 



R2 = 1.33K, use 1.3K 

(5MHz) (150pF) 

VCO gain can now be found by 

1 1 



Ko = 



27rVLCEQMiN 27rVLCEQMAX 
Where Ceqmin = Q || Ce || Cmin and 
Ceqmax = C5 II Ce II Cmax 
We find Kq = 3.3 MHz/V 

II. LOOP FILTER 

In a (2, 7) coding scheme: 

Nmax = 8 

Nmin = 3 

and if Nrreamble = 3 

we can select <5 Preamble = 0.90, such that 



/6.1 



<5min = 0-9 



Nmin 



Nmax 

(5max = 0.9 <5min = 0.90 y/m = 0.55, 

in this manner 6 is between 0.5 and 1.0 for all data 
patterns. This is useful as (5 > 1 will tend to be 
oscillatory, d < 0.5 may acquire signals too slowly. 

For an 8 byte preamble, 

/ 1 s \ / _ bits 



' 25M bit 
t = 2.56 //sec 



)(• 



byte 



(8 bytes) 



One of three system constraints will likely dominate in 
the selection at the natural frequency of the loop cjn- 

1. At the end of an 8 byte preamble, the residual phase 
error should be less than 2ns. This is the 
specification for the ML4025 zero phase start up 
error. However, frequency variations may occur 
between the reference clock and data stream due to 
errors in disk rotational velocity If we expect a 1% 
frequency step error 

Ao) = (0.01) (25M) (27r) = 1.57 Mr/s 
Residual phase error is given by Gardner"* to be 
Awr 1 



^e(t) = 



sin (1 - (5^)^/2 ^^t e-<5 cupt 



6 = 0.9, t = 2.56 fjsec as shown before. 

We want ^e(t) ^ 2ns (27r/40ns) = 0.314 rads 

We can find that if cj^ = ^^ Mr/s that 

ee (2.56 jjsec) = 0.241 rads = 1.54 ns 

2. The loop must be able to lock onto this frequency 
step, to ensure this the lock range should be 1.5X 
the step. 



Since Ao^l = 2(56)n, 
Awl (1.5)(0.01)(25M)(277-) 
26 ~ 2(0.9) 



■ 2.6 Mr/s 



3. Wn should be on the order of 10X the maximum 
mechanical vibration frequency of 10 KHz, therefore 

cjn ^ (10K)(10)(27r) = 628 kr/sec 

From the above we see that criterion #2 dominates, 
and 6Jn = 2.6 Mr/sec. 

The impedance of the loop filter is 



R5I 



SC9 SCs ' 
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and F(S) 



R5 SCs + R5 SC9 + 1 



R5 S2 Cs Cg + SCg 
if we let Ca » Cg , 

R5 SCs + 1 

F(S) 

(R5 SCg + DSCs 

For ail pliase iocl< loops 



doiS) 



b(S) = 



Ko Kd F(S) 



<9,(S) S + KqKdRS) 

if we let K' = Kq Kq 

K' (R5 SCs + 1) /Cs 



then G(S) = 



S3 R5 Cg + S2 + SK' R5 + K' /Cs 
if Cs » Cg 

^^^^ K' (R5 SCs + 1) /Cs 



^\^) - 


S2 + 


SK' 


R5 + K' /Cs 


but"^, 


G(S) = 




2(5Wn S + 0)r? 


S2 


+ 2(5Wn S + Wn^ 


Solving: 






6>n2 = 


K' 
Cs ^ 


► w. 


Ko Kd \i/2 

'" Cs 1 


K'Rs^ 


= 2(5w, 


r?- 


^ ^ _ K' R5 
2Wn 


butK' 


= Cs 


COr? 


^ Cs 0)u R5 
2 


SoCs 


. . 9 


25 
and R5 - 



Cs^n 
We know Kq = 3.3 MHz/V and cj^ = 2.6 Mr/s 

In the fast acquisition mode, using Rset = 4.99K 
(This value results in optimized internal swings), the 
phase comparator gain is 



Kd^ 



1.3 mA 

(3.3M){27r) I 



C8=- 



1.3 mA \ 



634 pF 



(2.6 Mr/s)2 

We can use 680pF. 

680 
Cg « Cs = = 45pF, use 47pF. 



R5 = 



2(0.9) 



2(5 



Cs 6>n (680pF) (2.6M) 



IK 



SELECTING R4 (ClAMP RESISTOR) 

The value of R4 should be selected such that the 
resulting clamp release error (CRE) is zero. This ensures 
that the device starts up in phase with a data field, and 
helps the data separator recover from any frequency 
steps between the data and reference clock. To set the 
CRE to zero, the RD and OSCIN pins should be 
monitored. While DATACLK output is often more 
accessible than the OSCIN pin, it is undesirable to 
monitor DATACLK as charge storage effects in the TTL 
driver skews the first clock pulse from later pulses. The 
OSCIN pin can be observed while minimizing the 
effect on the tank circuit by placing a small (3-5pF) 
capacitor in series with a scope proble. The observed 
amplitude is reduced, but is still sufficient. 

A potentiometer set initially at 100 ohms makes a good 
starting point in determining R4, as long as the leads to 
the pot are kept short. As in figure 4, the 4th RD pulse 
following a VFOEN and RG rising edge can be seen to 
start the oscillator. The delay time t1 can be measured 
between a RD rising edge, and the OSCIN rising edge. 
(This is true whether the VCO is 1x or 2x the clock 
rate). The delay time t2 can be measured in the same 
fashion for a later RD pulse where all phase corrections 
have been made. To ensure that all phase corrections 
have been made, observe the INTOUT pin to make 
sure its value is no longer changing. The difference 
between t1 and t2 is the clamp release error. To make 
this error zero, simply adjust the pot downward in 
value until t1 = t2. A fixed resistor near this value can 
now be substituted. This value of R4 will keep the start 
up phase error below 2ns for all ML4025 devices over 
temperature and supply variations. 

References: 

(1) Phaselock Techniques 2nd Edition, Floyd M. Gardner, Wiley- 
Interscience, 79 page 48 

(2) ibid page 11 




RD 
2V/DiV 



DCLK 
2V/DIV 



OSC IN 
lOOmV/DIV 



Figure 4. 
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ORDERING INFORMATION 



PART NUMBER 


PACKAGE 


ML4025CP 
ML4025CQ 


24-Leaded Molded DIP (Prototypes only) 
28-Lead PCC 
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Read Data Processor 



GENERAL DESCRIPTION 

The ML4041, ML4042 is a monolithic bipolar integrated 
circuit used in disk drive systems to detect amplitude 
peaks generated by the recording heads during a Read 
operation. Connected to the read/write amplifier 
output, it detects valid data and provides a TTL output 
to the data separator. Containing both analog and 
digital circuitry, it supports the reading of MFM and RLL 
encoded data at rates up to 24 megabits/second. 

Operating modes Read, Write, and Hold are selectable with 
input logic signals. Read mode is used for pulse peak detec- 
tion during a Read operation. Write mode disables the 
device's output during a Write operation, while Hold mode 
holds the AGC gain constant during recovery of embedded 
servo information. 

By using both level and slope detection, accurate pulse vali- 
dation and peak time detection is achieved. The ML4041, 
ML4042 characteristics can be modified to fit particular 
needs through external component selection. The ML4041, 
ML4042 has a swift Write to Read recovery time of 2 //s (10^s 
max) allowing for better format efficiency with faster access 
times. Pulse pairing of 1 ns max reduces data decoding errors 
by allowing tighter specs for the clock recovery circuit. 



FEATURES 

■ Fully compatible with industry standard read data 
processor 

■ Write to Read recovery time — 2;a's typical, 10//s max 

■ Pulse pairing — Ins max 

■ Data rates up to 24 megabits/second 

■ Supports MFM and RLL encoded read data 

■ 30MHz wide-bandwidth AGC amplifier 

■ Fast AGC region for fast transient recover 

■ Slow AGC region for minimum zero crossing 
distortion 

■ +5V and +12V undervoltage fault detection (ML4042 
only) 

■ Write to read transient suppression 

■ Hold pin supports embedded servo decoding 



The ML4042 is identical to the ML4041 but in addition it 
includes a 4-5 V and -i-12 V undervoltage detector. The 
ML4041 is available in a 24-pin PDIP, 24-pin SOIC, or a 28-pin 
PCC, while the ML4042 is available in a 28-pln PDIP, 28-pin 
SOIC, or a 28-pin PCC. 



SIMPLIFIED BLOCK DIAGRAM 



DIFFERENTIAL 
ANALOG SIGNALS 




*ML4042 ONLY 
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PIN CONNECTIONS 







ML4041 






ML4042 










ML4041 




24-Pin DIP and SOIC Package 28-Pm DIP and SOIC Package 






28-Pin PCC Package 
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ML4042 






TOP VIEW 




28-Pm PCC Package 
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OS Vcc NC 


P«N DESCRIPTION 










TOP VIEW 


NAME FUNCTION 






NAME 




FUNCTION 


Vcc 


+5V 






HYS 




Input for setting hysteresis level of the 


Vdd 


+12V 










hysteresis comparator. 


AGND Analog Ground. 






LEVEL 




Provides rectified signal level for input 


DGND Digital Ground. 










to the hysteresis comparator. 


R/W 


TIL compatible Read /Write Contro 




DoUT 




Buffered test point for monitoring D 




pin. 










input of the flip-flop. 


IN+JN 


Analog Signal Input pins 




Qn+/Qn- 




Analog input to the differentiator. 


OUT+, OUT- AGC Amplifier Output pins 




DlF-f, D|F_ 




External differentiating network con- 


BYP 


The AGC timing capacitor Cagc 's 








nection pins. 




tied between this pin and AGND. 
) TTL compatible pin that holds the 




CoUT 




Buffered test point for monitoring the 


HOLE 


clock input to the flip-flop. 




AGC gain when pulled low. 




OS 




Connection for read output pulse 


AGC 


Reference input voltage level for the 








width setting capacitor Cqs- 




AGC circuit. 






RD 




TTL compatible read output. 


D|N+,D 


N - Analog input to the hysteresis 




Vflt 




Undervoltage detector output, active 




comparator. 










low; ML4042 only. 


TABLE 1 MODE SELECT 












ic level low 
ic level high 


R/W 


HOLD 


MODE 




DESCRIPTION 






1 


1 


READ 


AGC amp section active, Digita 


section active 




= Log 


1 





HOLD 


AGC gain constant, Digital section active. 




1 = Log 
X - Do 





X 


WRITE 


AGC gain maximum, Digital section inactive, 












Input common mode resistance reduced. 


















~~ 
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ABSOLUTE MAXIMUM RATINGS 

(Note 1) 

Power Supply Voltage Range 

Vcc -0.3 to 6Vdc 

Vdd -0.3to14VDc 

Terminal Voltage Range 

R/WJN+JN-,HOLD ^O.SVtoVcc +0.3V 

RD -0.3VtoVcc +0.3Vor +12mA 

All others -0.3Vto Vqd +0.3V 

Storage Temperature Range -65°Cto +150°C 

Junction Temperature (Tj) +135°C 

Lead Temperature (Soldering, lOsec) 260°C 



OPERATING CONDITIONS 



Supply Voltage 

Vcc 5V±107o 

Vdd 12V±107o 

,yiN+-QN-)' V(D,N+-D,N-) 1 VP P 

Vhys l.OV 

Cos 50to 2(X)pF 

Typical Component Values (Refer to Typical Applications) 

C,N 0.(X)1/iF 

Cs O.Ol^F 

CouT 0.0047/iF 

Rout • 400Q 

Cagci 220pF 

CagC2 2(XX)pF 

Ragc 2.21I<Q 

Clevel ISOpF 

Rleveli l-54kQ 

Rlevel2 6.49kQ 

Cos 50pF 



ELECTRICAL CHARACTERISTICS 

The following specifications apply over the recommended operating conditions of Vcc= 5 V ± 10%, Vpo = 12 V ± 107< 
0°C<Ta<70°C and external components as specified under operating conditions unless otherwise specified. (See Note 2.) 


), 


SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 
NOTE 4 


MAX 


UNITS 


DC Characteristics 


Ice 


Vcc Supply Current 


Outputs unloaded 






14 


mA 


Idd 


Vdd Supply Current 


Outputs unloaded 






70 


mA 


Pd 


Power Dissipation 


Outputs unloaded, 
Ta=70°C 






930 


mW 


Digital Inputs Characteristics (HOLD, R/ W) 


V,H 


High Voltage 




2 






V 


V,L 


Low Voltage 




-0.3 




0.8 


V 


l|H 


High Current 


V,H = 2.4V 






100 


mA 


l|L 


Low Current 


V|L=0.4V 


-0.4 






mA 


Digital Outputs Characteristics (Cout/ RD) 


Vol 


Output Low Voltage 


loL=4mA 






0.4 


V 


VOH 


Output High Voltage 


Ioh = 400mA 


2.4 






V 


WRITE AND HOLD MODE CHARACTERISTICS 


Mode Control 


tRW 


Read to Write 
Transition Time 








1 


MS 


tWR 


Write to Read Transition Time 


AGC settling not included, 
time to high input resistance 


1.2 




3 


MS 


tRH 


Read to Hold Transition Time 








1 


MS 


Write Mode 


Zic 


Common Mode Input 
Impedance (both sides) 


R/W pin = low 




250 




Q 
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ELECTRICAL CHARACTERISTICS (Continued) 

The following specifications apply over the recommended operating conditions of Vcc=5V±107o, Vdd = 12V±107o, 
0°C<Ta< 70°Q in + and IN - AC coupled, OUT+ and OUT- differentially loaded with >600Q and each side loaded with 
<10pF to GND, CBYP=2000pF, OUT+ and OUT- AC coupled to D|n+ and D|n- respectively, Vagc=2.2V unless otherwise 
specified. (See Note 2.) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 
NOTE 4 


MAX 


UNITS 


READ MODE CHARACTERISICS 


AGC Amplifier 


R|D 


Differential Input Resistance 


V(,N+_iN-) = 100mVp.p@ 2.5MHz 




5 




kQ 


C,D 


Differential Input Capacitance 


V(iN+_iN-) = 100mVp.p@ 2.5MHz 






10 


pF 


Z,c 


Common Mode Input 
Impedance (both sides) 


R/W pin high 




1.8 




kQ 




R/W pin low 




0.25 




kQ 


'^vmax 


Maximum Gain 


Vbyp=2.6V 


83 






V/V 


'^Vmin 


Minimum Gain 


Vbyp = 6V 


2 




4 


v/v 


gn 


Input Noise Voltage 


Gain set to maximum 






30 


nV/\/Hz 


BW 


Bandwidth 


Gain set to maximum, -3dB point 


30 






MHz 


AVos 


Maximum Gain and Minimum 
Gain AGC Amp Output Offset 
Voltage Difference 


Vbyp= 2.6 V for maximum gain 
Vbyp= 5.0 V for minimum gain 






700 


mV 


^BYPmax 


Max Voltage at BYP Pin at 
Minimum Gain 


V(d,n^-d,n_) = 1-6V,Vagc=3.0V 




6.0 


6.7 


V 


VoP 


Maximum Output Voltage 
Swing 


Set by Vagc 


3 






Vp.p 


Iqd 


OUT+ to OUT- Pin Current 


No DC path to GND, See Note 3 


±3.2 






mA 


Ro 


Output Resistance 






18 


32 


Q 


Co 


Output Capacitance 






12 




pF 


V,P 
Vagc 


(D|N+-D,N-) Input Voltage 
Swing VS AGC Input Level 


30mVp.p<V(iN+_iN-)<550mVp.p, 
0.5Vp.p<V(D,N^_D,N_)<1-5Vp.p 


0.37 


0.48 


0.56 


Vp.p/V 


V,P 


(D|N+-D,N_) Input Voltage 
Swing Variation 


30mVp.p<V(,N+_,N-)<550mVp.p, 
AGC Fixed, over supply and temp. 






+8 


% 


to 


Gain Decay Time 


See Figure la; Vim = 300 mVp.p 
then >150mVp.p at 2.5MHz, 
Vouito 90% of final value. 




50 




MS 


tA 


Gain Attack Time 


See Figure lb; from Write to Read 
transition to Vqut at 110% of final 
value, V|N = 400 mVp.p @ 2.5 MHz 




4 




MS 


lAGCfc 


Fast AGC Capacitor 
Charge Current 


V(d,n^-d,m_) = 1-6V,Vagc = 3.0V 


1.3 


1.5 


2.0 


mA 


'aGCsc 


Slow AGC Capacitor 
Charge Current 


V(D,N+-D,N_) = 1-6V, Vary Vagc until 
slow discharge begins 


0.14 


0.17 


0.22 


mA 




Fast to Slow Attack 
Switchover Point 


^(D|N + -D|N-) 

V(D,N+-D,N-) Final 




1.25 




" 


iAGCD 


AGC Capacitor 
Discharge Current 


V(D,N+-D,N-)=0-OV Read Mode 




4.5 




mA 




Hold Mode 


-0.2 




+0.2 


mA 


CMRR 


CMRR (Input Referred) 


V|N +=V,N_=100nlVp.p@5MHz, 
gain at maximum 


40 






dB 


PSRR 


PSRR (Input Referred) 


Vcc or Vdd = 100 m Vp.p @ 5 MHz, 
gain at maximum 


30 






dB 


TREC 


Write to Read Recovery Time. 
Includes AGC Settling 


V(iN+_iN-) = 100mVp.p@ 2.5MHz 


1.2 


2 


10 


(XS 
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ELECTRICAL CHARACTERISTICS (Continued) 

The following specifications apply over the recommended operating conditions of Vcc = 5 V ± 10%, Vdd = 12 V ± 10%, 
0°C<Ta< 70°C, in + and IN - AC coupled, OUT+ and OUT- differentially loaded with >600Q and each side loaded with 
<10pF to GND, CBYP=2000pF, OUT+ and OUT- AC coupled to D|n+ and D|n- respectively, Vagc=2.2 V unless otherwise 
specified. (See Note 2.) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 
NOTE 4 


MAX 


UNITS 


READ MODE CHARACTERISICS (Continued) 


Hysteresis Comparator 


V,P 


Input Signal Range 








1.5 


Vp.p 


R|D 


Differential Input Resistance 


V(D,N+-D,N_) = '"00n^Vp.p@2.5MH2 


5 




15 


kQ 


C,D 


Differential Input Capacitance 


V(D,N+-D,N_) = ''00'^Vp.p@ 2.5MHz 






6.0 


PF 


Z,c 


Common Mode Input 
Impedance 


(both sides) 




2.0 




kQ 


V,o 


Comparator Offset Voltage 


HYS pin at -0.5V <1.5l<Q across 

D|N+/I^IN- 




5 




mV 


Vhysp 
Vhys 


Peak Hysteresis Voltage vs HYS 
pin voltage (input referred) 


1V<Vhys<3V 


0.16 


0.21 


0.25 


V/V 


il 


HYS Pin Input Current 


1V<Vhys<3V 







-20 


mA 


lo 


LEVEL Pin Max Output Current 




3 






mA 


Ro 


LEVEL Pin Output Resistance 


'level = 0.5 mA 




180 




Q 


Vol 


Dqut Pin Output Low Voltage 


Ta=70°C 


Vdd-4.0 




Vdd-2.5 


V 


VOH 


Dqut Pin Output High Voltage 


Ta=70°C 


Vdd-2.2 




Vdd-1.5 


V 


Vlevel 


Level Pin Output Voltage vs 

V(D,N+-D,N_) 


0.6<|V(D,^^_D,N_)l<1-3Vp.p 

10 kQ from level pin to GND 


1.5 




2.5 


V/Vp.p 


Active Differentiator 


V,P 


Input Signal Range 








1.5 


Vp-P 


•^ID 


Differential Input Resistance 


V(C,N,-C,N-) = 100niVp.p@2.5MHz 


5 




11 


kQ 


C,D 


Differential Input Capacitance 


V(C,N+-C,N-) = 100niVp.p@2.5MHz 






6 


pF 


Zic 


Common Mode Input 
Impedance 


(both sides) 




2.0 




kQ 


loD 


D|F+ to D|p_ Pin Current 


Differentiator Imped must be set so as 
not to clip signal at this current level 


±1.3 






mA 


V,o 


Comparator Offset Voltage 


D|p+,D|F_ AC Coupled 




5 




mV 


Vol 


CouT Pin Output Low Voltage 


0<loH< 0.5 mA 




Vdd-3 




V 


Vpo 


CouT Pin Output Pulse Voltage 


0<loH< 0.5 mA 




0.4 




V 


PWo 


CouT Pin Output Pulse Width 


0<loH< 0.5 mA 




30 




ns 


Av 


Voltage Gain From C|n + to 

D,F± 


R(D|F+toD|p_) = 2kQ 


1.7 




2.2 


V/V 


Undervoltage Detector (ML4042 Only) 


VcCTH+ 


Vcc Fault Threshold + 


VpLT transition from low to high 


3.8 


4.2 


4.5 


V 


VcCTH- 


Vcc Fault Threshold - 


Vpu transition from high to low 


3.8 


4.1 


4.5 


V 


Vddth+ 


Vdd Fault Threshold + 


VpLT transition from low to high 


9.6 


10.2 


10.8 


V 


Vddth- 


Vdd Fault Threshold - 


VpLT transition from high to low 


9.6 


10.0 


10.8 


V 


VOL 


Output Low Voltage (VpLj) 


loL = 1-6mA 






0.4 


V 


VoH 


Output High Voltage (Vpo") 


Ioh=-400hA 


1.7 






V 
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ELECTRICAL CHARACTERISTICSicontinued) 

The following specifications apply over the recommended operating conditions of Vcc= 5 V ± 10%, Vdd = 12 V ± 10%, 
0°C<Ta<70°C, V(c,N^_c,N_)=V(D,N^_D,N_H-OVp.p AC coupled sine wave at25MHz,RD,p=100Q,CD,p=65pF,^^^^ 
Cos = 60pF, 4kQ to Vcc and lOpFto GND on pin RD unless otherwise specified. 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 
NOTE 4 


MAX 


UNITS 


Output Data Characteristics (Refer to Figure 2) 


toi 


D-Flip-FlopSetUpTime 


Min delay from V(D,^^_D|N_) 
exceeding threshold to V(o,p^_D,p_) 
reaching a peak 


O 






ns 


tD3 


Propagation Delay 








110 


ns 


tD5 


Output Data Pulse Width 
Variation 


(See Note 5) 

Cos = 60pF, Ta = 25°C 


40 


50 


65 


ns 


tD3-tD4 


Logic Skew (Pulse Pairing) 








1 


ns 


tR 


Output Rise Time 


VoH = 2.4V 






18 


ns 


tp 


Output Fall Time 


Vol = 0.4 V 






14 


ns 



Note 1: Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 

specified are measured with respect to ground. 

Note 2: Limits are guaranteed by 100% testing, sampling, or correlation with worst-case test conditions. 

Note 3: AGC amplifier output current may be increased as in Figure 4. 

Note 4: Typicals are parametric norm at 25°C. 

Notes: tps = 830 (Cos), SOpF < Cqs < 150pF 



FUNCTIONAL DESCRIPTrON 

Operating Modes 

The ML4041, ML4042 has three definitive operation modes 
which are: Read mode, Write m ode and Hold mode. These 
modes are defined by input pins HOLD and R/W as shown 
in Table 1. Read mode, the mode used normally for pulse 
detection, is assumed in the following sections unless other- 
wise noted. 

AGC Amplifier Section 

The purpose of the AGC amplifier is to provide a constant 
read signal level for both the level and slope detectors. Full 
differential processing of the read signal is used to minimize 
noise and distortion in the analog signal. A wide gain range is 
required due to large signal variation when moving the re- 
cording head from an inside to outside data track or varia- 
tions in media. 

The differential output voltage level Vqut ^""om the AGC amp 
is determined by voltage Vagc present at pin AGC. Vqut 's 
full wave rectified and compared against Vagc to create 
charge/discharge current for capacitor Cbyp connected at 
pin BYR Voltage Vbyp across Cbyp controls the gain in the 
AGC amplifier. 

Two distinct values of Ibyp are possible which determine a fast 
and slow AGC gain response attack rate. When Vqut 's more 
than 1257o of the set level a high value of Ibyp is sourced 
which provides a fast AGC attack rate. When Vqut 's within 
100% to 125% of the set level a reduced value of Ibyp is 
sourced which provides a slower attack rate. The fast-slow 
gain response attack rates provides for an initial quick system 



response and then minimum zero crossing distortion of the 
analog signal once the gain is within working range. Vagc 
should be set so that the differential input voltage Vd\\^ '"to 
the level comparator is 1 Vp.p at nominal Read signal condi- 
tions. The AGC amp section gain is given by: 



Av2_ ^ 
Avi 



exp 



VbyP2 - VbYPI 



5.8 X Vj 

Where: Ayi, Av2 are initial and final amplifier gain values 
corresponding to initial and final Vbyp values. 

Vj = {KT)/Q = 26mV at room temperature. 

The AGC amp's differential inputs must be AC coupled to the 
read amplifier (ML117, ML501, etc.) differential outputs. Simi- 
larly, AC coupling must be used at the AGC amp outputs. 

AGC Amp During Write Mode— When the ML4041, ML4042 
is put into write mode, the AGC amp's input impedance is 
lowered to allow a faster dampening of the Write to Read 
transient from the head pre-amp. The AGC gain is also set to 
maximum gain so that fast AGC attack will occur when 
changing back to the Read mode. Internal device timing is 
controlled so that settling occurs prior to Read mode activa- 
tion. Minimal value input coupling capacitors should be 
chosen to reduce settling time, however, bandwidth require- 
ments also need to be considered. 



j^ Micro Linear 



5-51 



ML4041, ML4042 



AGC Amp During Hold Mode— During the Hold mode, the 
charge/discharge current driving pin BYP is internally discon- 
nected. AGC compensation capacitor Cagc will then hold 
the present gain setting. The amplitude of Vqut will therefore 
not affect the AGC gain and gain will remain constant. 

Hold mode is used so that AGC gain will not be adjusted 
when embedded servo information is read. This prevents 
loosing the pulse peak amplitude information needed during 
position decoding, or creating additional gain settling time 
when again reading data. Embedded servo pulses are nor- 
mally taken at outputs D|f- and D|f+, as shown in the typical 
application. 

External Filter Network 

Filtering for the level and slope detectors can be performed 
with a single filter or two separate filters. If separate filters are 
used, care must be used to insure that time delays are 
matched. A multi-pole Bessell filter is recommended due to 
the group delay and linear phase characteristics. 

Level Detector 

The full wave rectified Vqut 's buffered and available at pin 
LEVEL. The level detector uses a hysteresis comparator to 
compare the processed read signal amplitude against a refer- 
ence voltage derived from voltage Vlevel output from pin 
LEVEL. Using Vlevel provides a feed-forward function that 
allows valid level detection to be performed prior to AGC 
amp gain settling. The level detector hysteresis value is set in 
a way that will only allow relatively large read pulse peaks 
(negative or positive) to be detected. 

Slope Detector 

The slope detector uses an external reactive component 
network to produce a voltage signal proportional to the differ- 
ential of the read signal. By using a hysteresis comparator to 
detect zero slope of the read signal, the time occurrence 
of positive or negative read pulse peak values can be 
determined. 

An external reactive network, shown in the Typical Applica- 
tion, is used between the D|f+ and D|f_ pins to provide the 
differential function given by: 

-2000CS 



Output Logic 

The output logic provides a negative TTL pulse at pin RD 
which begins at the peak of a valid read pulse, as shown 
below. 



^^ LCs2 4-(R-h92)Cs -hi 

Where: C = External capacitor (20 pF to 1 50 pF) 
L = External inductor 
R = External resistor 
s = jo) = j27tf 



TYPICAL INPUT 
READ SIGNAL 



ML4041, ML4042 
OUTPUT 




Pin R/W must be high for the output logic to be active. The 
key element in the output logic is the D flip-flop. The flip-flop 
is clocked by the slope detector at the time of a zero crossing, 
which loads data from level detector. The flip-flop inputs only 
change state when the level detector detects a peak ampli- 
tude of a polarity opposite to the previous valid peak. Thus, 
through the output logic the slope detector determines out- 
put timing and the level detector determines pulse validity. 

Layout Considerations 

As with any high gain, wide bandwidth analog circuitry, care 
needs to be exercised in PC layout. Power supply and ground 
lines should be bypassed and well isolated from other cir- 
cuitry. A ground plane Is recommended, as is keeping analog 
lines short and well balanced to prevent interaction with 
nearby circuitry in the disk drive. 
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BLOCK DIAGRAM 
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Figure 1. AGC Timing Diagram 
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Figure 2. Output Logic Timing Diagram 
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TYPICAL APPLICATIONS 
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Figure 3. Typical Application Diagram 
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Figure 4. Modification of AGC Amplifier Output to Drive Low Impedance Filters 
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ORDERING INFORMATION 



PART NUMBER 


PACKAGE 


PIN COUNT 


ML4041CP 


Molded DIP 


24 PINS 


ML4041CQ 


Molded Leaded PCC 


28 PINS 


ML4041CS 


SOIC 


24 PINS 


ML4042CP 


Molded DIP 


28 PINS 


ML4042CQ 


Molded Leaded PCC 


28 PINS 


ML4042CS 


SOIC 


28 PINS 
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Servo Demodulator 



GENERAL DESCRIPTION 

The ML4401 provides all of the analog circuitry necessary for 
the demodulation of di-bit servo signal information in 
Winchester disk drives. It interfaces to the servo head preamp 
and provides quadrature position signal outputs for the servo 
controller circuitry. 

The ML4401 includes a high-performance 592-type input 
amplifier and differential AGC circuit. External logic is de- 
signed to meet the needs of the particular servo system utiliz- 
ing the VCO and Charge Pump to create a PLL time base for 
Peak Detector gating. The SYNC output provides servo chan- 
nel timing information for the logic. 

The ML4401 when combined with the ML4402, 
ML4406/07/08 Servo Driver, the ML4403, ML4413 Servo 
Controller and the ML4404 Trajectory Generator, 
provides a flexible closed-loop servo control system. 



FEATURES 

■ Combines all analog di-bit demodulation circuitry 

■ Ljogic track-type switching can be used to minimize 
demodulator offset 

■ Exponential AGC characteristics makes AGC settling 
independent of input step size 

■ External loop compensation of analog blocks 

■ External digital circuitry allows flexible pattern format 

■ On-chip band gap voltage reference eliminates exter- 
nal referencing 

■ Operates from 12 V power supply 

■ Compatible with Micro Linearis ML4403, ML4413 
Servo Controller, ML4402, ML4406/07/08 Servo 
Driver and ML4404 Trajectory Generator 
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PIN CONNECTIONS 



ML4401 28-Pin DIP 
(Prototypes Only) 



FiNc[ 


1 


^ 2, 


] FDEC 


VCOL [ 


2 


27 


] POSB 


VCOI [ 


3 


26 


] POSA 


vcop[ 


4 


25 


] SYNC 


vcon[ 


5 


24 


]cdc 


Vcc[ 


6 


23 


]tp 


Vref[ 


7 


22 


] GATE4 


gnd[ 


8 


21 


] GATE3 


Vagc[ 


9 


20 


] GATE2 


CagcC 


10 


19 


] GATEl 


GAIN1 [ 


11 


18 


] CAP4 


INX[ 


12 


17 


]CAP3 


iny[ 


13 


16 


]CAP2 


GAIN2 [ 


14 


15 


]CAP1 



ML4401 28-Pin PCC 

VCOP VCOL FDEC POSA 
VCOI I fFnC I POSB I 





y 


4 


3 


2 


1 


28 


27 


26 




VCON [ 
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25 
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VccC 
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24 


]Cdc 
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23 
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8 














22 
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21 
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10 














20 
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11 
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LJLJLJ 
1 CAP3 1 








INX 


GAIN2 
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CAP4 





PIN DESCRIPTION 



PIN# 



NAME 



FUNCTION 



FINC 

VCOL 
VCOI 
VCOP 

VCON 



6 


Vcc 


7 


Vref 


8 


GND 


9 


Vagc 


10 


Cagc 


11 


GAIN1 


12 


INX 


13 


INY 


14 


GAIN2 



Charge pump frequency incre- 
ment input (TTL). 
PLL loop compensation terminal. 
VCO high impedance input. 
VCO positive output, for capaci- 
tive feedback to VCOI. 
VCO negative output, drives resist- 
ance feedback to VCOI, also pro- 
vides ECL output on ML4401 and 
TTL output on ML4411. 
+12 V supply. 

Voltage reference output (+5 V). 
Ground. 

AGC gain reference voltage input. 
External capacitor terminal to set 
AGC response. 

Input amplifier gain adjusting RC 
terminal 1. 

X input into input amplifier. 
Y input into input amplifier. 
Input amplifier gain adjusting RC 
terminal 2. 



PIN# 


NAME 


FUNCTrON 


15 


CAPI 


Peak detector 1 capacitor terminal. 


16 


CAP2 


Peak detector 2 capacitor terminal. 


17 


CAP3 


Peak detector 3 capacitor terminal. 


18 


CAP4 


Peak detector 4 capacitor terminal. 


19 


GATEl 


Peak detector 1 gate input (TTL) 
high enabled, low disabled. 


20 


GATE2 


Peak detector 2 gate input (TTL) 
high enabled, lov^ disabled. 


21 


GATE3 


Peak detector 3 gate input (TTL) 
high enabled, low disabled. 


22 


GATE4 


Peak detector 4 gate input (TTL) 
high enabled, low disabled. 


23 


TP 


Composite test point, normally left 
unconnected. 


24 


Cdc 


External capacitor terminal to set 
DC restore response. 


25 


SYNC 


SYNC pulse output (TTL). 


26 


POSA 


Position output A. 


27 


POSB 


Position output B. 


28 


FDEC 


Charge pump frequency decre- 
ment input (TTL). 
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ABSOLUTE MAXIMUM RATINGS 

Absolute maximum ratings are those values beyond which the 
device could be permanently damaged. Absolute maximum ratings 
are stress ratings only and functional device operation is not implied. 

Power Supply Voltage, Vcc 14 V 

Input Voltages: 

GAINl, GAIN2 -0.3 to 8V 

Cagc -0.3 to 7.0V 

Vagc -0.3to5.3V 

CAP1, CAP2, CAP3, CAP4 -0.3to10V 

GATE1, GATE2, GATE3, GATE4 , VCOP -0.3 to 7.5 V 

INX, INY, VCON, VCOI, FINQ FDEQ Cpc 

-0.3 to Vcc +0-3V 

0JA for 28-Pin Plastic DIP ~60°C/Watt 

0JA for 28-Pin PLCC 60°C/Watt 

Storage Temperature Range -65°Cto +150° C 

Junction Temperature (Tjmax) 150° C 

Lead Temperature (Soldering, lOsec) 260° C 



OPERATING CONDITIONS 



Temperature Range 0° C to 70° C 

Supply Voltage (Vcc) 12Vdc±107o 

Input Coupling Capacitance (Ci) 0.01 /^F 

Input Amp Gain Capacitance (Cq) 0.047^iF 

Input Amp Gain Resistance (Rg) 1 kQ 

AGC Response Compensation Capacitance (Ca) 0.082 /itF 

Composite DC Restore Capacitance (Cq) 0.01 ptF 

PLL Compensation Components: 

Ccpi 0.1/iF 

CcP2 VF 

Rcp 910Q 

PLL Gain Components: 

Rv 1000Q 

RL1, RL2 1000Q 

Peak Detector Capacitance (CAP1 thru CAP4) 270 pF 

SYNC Output Pull-Up Resistor (to 5 V) 1000Q 

On track Base-to-Peak Voltage at pin TP 1.75 V 

Vqa Gain Control Voltage (at pin Cagc) 0.65 V 



ELECTRICAL CHARACTERISTICS 

The following specifications apply over the recommended operating conditions of Ta=0 to 70° C, Vcc = 10.8 to 13.2 V, 
VvAGC = 5.0V, and external components as recommended above, unless otherwise specified (See Note 1.) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 
NOTE 2 


MAX 


UNITS 


Pbwer Supply 


Ice Supply Current Vcc==12V 




81 


110 


mA 


TTL Inputs FINC, FDEC, GATEl, GATE2, GATE3, GATE4 


V,H 


High Level Input Voltage 




2.0 






V 


V,L 


Low Level Input Voltage 








0.8 


V 


l|H 


High Level Input Current 


V,H = 2.4V 


-1 




30 


IaA 


IlL 


Low Level Input Current 


V|L = 0.4V 


-20 




1 


mA 


SYNC Output (TTL Open Collector) See Note 3 


Vol 


Low Level Output Voltage 


ioL = 1-6mA 





0.3 


0.5 


V 


Vthr 


Positive going input threshold 






Vref+0.9 




V 


Vthf 


Negative going input threshold 






Vref 




V 


tpD± 


Propagation Delay Rising, 
Falling 


RL = 2k,CL = 15pF 




50 




ns 


VCOP Output ML4401 (T/^ = 25° C) 


VOH 


High Level Output Voltage 


RL=1kQ 


4.0 


4.3 


4.6 


V 


Vol 


Low Level Output Voltage 


RL=1kQ 


2.9 


3.2 


3.5 


V 


VCOP Output ML4411 


VoH 


High Level Output Voltage 


Ioh = 50mA 


2.4 






V 


Vol 


Low Level Output Voltage 


loL = 1-6mA 







0.5 


V 


VCO and Charge Pump Section 


'bias 


Vcoi '"P'Jt Bias Current 







25 


50 


mA 


'cH/ bis 


VcoL Charge and Discharge 
Current 




495 


660 


825 


mA 


'ch/Idis 


VcoL Charge/ Discharge Ratio 




0.95 


1.00 


1.05 


mA/^a 


'off 


VcoL OFF State Current 


FINC-2.0 
FDEC = 0.8 





25 


50 


nA 
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ELECTRICAL CHARACTERISTICS (Continued) 

The following specifications apply over the recbmmended operating conditions of Ta = to 70° C, Vcc = 10.8 to 13.2 V, 
Vagc = 5.0V, and external components as recommended above, unless specified (See Note 1.) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 
NOTE 2 


MAX 


UNITS 


VCO and Charge Pump Section (Continued) 


I^MAX 


MAX VCO Frequency to Main- 
tain + and - 57o Control 
Range Note 4 




30 






MHz 


Fvco 


VCO Frequency Range 
Note 4 


Ta = 25«>Q Vcc = 12, VcoL = 6V 
Cv = lOOpF, Rv = 640kO 


9.7 


10.0 


10.3 


MHz 


Kvco 


VCO Voltage to Frequency 
Factor 






2 




7o/V 


Input AMP, AGC AMP, and DC Restore 


R|N 


INX, INY Differential Input 
Resistance 




7 


10 


14 


kQ 


'gAINI, 2 


GAIN1,GAIN2 Bias Current 




0.66 


1.0 


1.20 


mA 


Ibias 


Vagc '"put Bias Current 







5 


20 


mA 


Gmagc 


AGC Transconductance at 
Cagc 






370 




mMHOS 


Ragc 


Control Range of AGC Loop to 
Regulate Composite Amplitude 
to within 2% of Nominal 






7/1 




v/v 


BW 


Bandwidth from INX, INY to 
Composite Note 4 




10 


15 




MHz 


GMDCR 


DC Restore Transconductance 






200 




juMHOS 


Pteak Detectors 


ICH 


Charge Current 




12.7 






mA 


'dis 


Discharge Current 


Ta=25°C 


25 


45 


60 


mA 


TcDIS 


Tempco of Iqis 






-0.17 




mA/°c 


Voltage Reference 


Vref 




Ta=25°C 


4.85 


5.10 


5.35 


V 


TC 


Tempco 






50 




ppm/°C 


Rout 


Load Regulation 






2 




mV/mA 


PSRR 


Line Regulation 






10 




mV/V 


'sink 


Maximum SINK Current 




0.8 






mA 


Output Amplifiers (POSA, POSB) 


Vos 


Input Offset 


VcAp1-4 = 6V 


-10 





10 


mV 


Av 


Gain 




1.23 


1.28 


1.33 


V/V 


Ava/Avb 


Gain Tracking 




-3 





+3 


% 


VOUT 


Output Voltage Range 




1.0 




9.5 


V 


'sRC 


Output Source Current 




5 






mA 


'SNK 


Output Sink Current 




2 






mA 


SR 


Slew Rate 






2.5 




V/^s 


BW 


3dB Gain Bandwidth 






3 




MHz 



Note 1: 0° C to 70° C operating temperature range devices are 100% tested with temperature limits guaranteed by 1007o testing, sampling, or 

correlation with worst-case test conditions. 

Note 2: Typlcals are parametric norm at 25° C. 

Note 3: Pin 25 is an open collector output which should not exceed 7 volts in the high state. 

Note 4: This parameter is guaranteed but not 1007o tested and is not used in outgoing quality level calculations. 

APPLICATION HINTS 

Using a nominal on-track servo signal, amplitude adjustment should be made as follows: 

1. Set composite signal amplitude, measured at pin TP, by adjusting voltage at pin V^qc (approximately 4.7 volts). The composite signal should 
be set to 1.75 volts base to peak of an on-track position pulse (an off-track position pulse will be about 3.5 volts maximum). 

2. Adjust Rg so that the VGA is in mid-range. This is determined by measuring the voltage at pin C^gc/ 't should be approximately 
0.9 volts. Cagc voltage will vary approximately ±0.5 volts over the AGC range. 
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FUNCTIONAL DESCRIPTION 

Input Amplifier 

The input amplifier is equivalent to a wide-band 592 type 
video amplifier and provides amplification and buffering to 
the AGC circuitry. The Inputs INX and INY, which must be 
AC coupled, accept the composite analog signal from the 
servo head differential preamplifier. Internal input termina- 
tion resistors eliminate the need for external bias resistors. 
Prefiltering of the signal is normaly desired to eliminate un- 
wanted components. External components Rq and Cq deter- 
mine the input amplifier's low frequency cutoff and gain as 
follows: 



FC 



1 



Av 



1700 



271 (Rg + 60Q) Cg " Rg + 60Q 

Where: Cc = External series capacitance between pins 
GAiN1andGAIN2 
Rg = External series resistance between pins 
GAIN1andGAIN2 

Automatic Gain Control (ACQ 

The purpose of the AGC loop is to maintain a constant peak 

output voltage level at outputs POSA and POSB. This peak 

level is established by the reference voltage applied to pin 

Vagc- 

Vp.p (Composite) = K1 X Vagc + K2 
Where: K1 = 0.65 

K2 = 0.41V 
In this closed-loop system, the peak detector output voltages 
are fed back and combined with the VXgc voltage to provide 
a gain control current. The current controls the variable gain 
amplifier (VGA) and is compensated at pin Cagc to provide 
control of AGC bandwidth. The bandwidth of the entire AGC 
loop is determined by: 

K VvAGC 
27r Ca 
Where: K = 4.3 x 10-4 

Wagc = External reference voltage at pin Vagc 
Ca = External capacitance at pin Cagc 
Optimum system stability is achieved by deriving Vvagc ^^ovr\ 
the Vref output using a resistive divider. 

Composite Amplifier 

The input amplifier and AGC circuit of the ML4401 operate in 
a differential signal mode to provide good common mode 
and power supply rejection. The composite amplifier con- 
verts the differential signal into a buffered single-ended signal 
for the peak detector circuitry. The DC base line of the com- 
posite signal is equal to Vref • The bandwidth of the DC 
restore function is controlled by capacitor Cp at pin Cpc with 
the following relationship: 



BW 



BW = 



gm 



271 Cd 
Where: gm = VskQ 

Cd = External capacitance at pin Cpc 
The composite signal is available at pin TP and is normally left 
unconnected. For short circuit protection a 425 Q resistor is 
connected in series with pin TP internally. 



Synchronization Pulse Separator 

The SYNC pulse separator is a threshold comparator with 
hysteresis which passes pulses from the composite amplifier 
above a set threshold. It provides a buffered open collector 
TTL output. The SYNC output, when gated through an exter- 
nal one-shot, is used to control the external gate timing and 
PLL logic. 

Peak Detector 

The peak detector circuit captures the peak signal amplitude 
of the di-bit pulses. The gates are controlled by inputs GATE1 
through GATE4. Timing is established by the external logic 
circuitry. The external peak detector capacitors are con- 
nected from pins CAP1 through CAP4 to ground. The peak 
detector discharge rate (set by CAP1-CAP4) determines the 
maximum track crossing rate during an access operation. The 
performance of this block can be enhanced by using the 
velocity output of the ML4403, ML4413 to create a velocity 
proportional discharge. The peak detector outputs are fed 
into internal differential amplifiers that calculate the track 
error signals and provide buffered outputs POSA and POSB 
as follows: 

POSA = 1.25 (CAP1-CAP2) + Vref 
POSB = 1.25 (CAP3-CAP4) + Vref 

Voltage Controlled Oscillator and Charge Pump 

The VCO and external phase compare logic provi de a tim e 
base for peak detector gate sychronization. Inputs FINC an(i 
FDEC provide increment and decrement signals to the charge 
pump for changing the oscillator frequency. The FINC and 
FDEC inputs gate the charge pump for the duration of the 
pulse width. The RC timing network formed by Cv and Ry at 
pins VCOI, VCON, and VCOP control the oscillators center 
frequency. (See Typical Performance Characteristics) 

Rv should be greater than 330 Q. Too low of a value will result 
in excessive power dissipation. RL1, RL2 and Ry should be 
approximately equal, although the values of RL1 and RL2 do 
not require accuracy. 

The VCO output should only be taken from pin VCON. 
Charge pump capacitor Ccpi Is connected from pin VCOL to 
ground. Components Rcp and Ccp2 are also connected in 
series from pin VCOL to ground to provide VCO loop com- 
pensation. 

Internal Voltage Reference 

Vref 's an internal band-gap voltage reference. It is buffered 
and available at pin Vref and is used by the ML4402, 
ML4403, ML4404 and other chips requiring a 5 volt refer- 
ence. 

External Lx)gic 

The external logic provided by the user typically has a com- 
plexity of about 150 to 300 equivalent gates. Complexity and 
architecture depends on the users di-bit pattern and control 
function. 

Note: Stray capacitance should be considered In applying the 
above relationships when low capacitor values are used. 
Stray capacitance of the integrated circuit terminal is typically 
about 2 to 3 pR 
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TYPICAL PERFORMANCE CHARACTERISTICS 
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ORDERING INFORMATION 



ORDERING 
NUMBER 


PACKAGE 


PIN COUNT 


TEMPERATURE 
RANGE 


ML4401CP 
ML4401YCQ 


Plastic DIP 
PLCC 


28 PINS 
28 PINS 


0°C to +70°C 
0°C to +70°C 
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Servo Driver 



GENERAL DESCRIPTION 

The ML4402 Servo Driver contains ail of the controi circuitry 
necessary to drive the head positioning actuator of a hard or 
rigid disk drive system. It receives the error signal generated 
from a servo controller circuit, such as the ML4403, ML4413, 
and drives an external transistor bridge which controls the 
head positioning voice coil actuator. The ML4402 output 
control circuitry includes current sense inputs to provide 
closed-loop control of actual actuator current. By using an 
external power transistor bridge, flexible thermal and space 
management is allowed as well as transistor selection which 
enables a wide application range. 

Included in the device is a unique disable function which 
permits interruption of actuator current. During a disable, the 
output control amplifiers are shut down which cuts off all 
current to the external transistor bridge. Disable can be acti- 
vated by a logic high into pin DIS or by the on-board low- 
voltage detector. Use of the low-voltage disable function 
prevents actuator response to a false error signal during a 
power failure. The low voltage detector can monitor up to 
two power supplies and has user definable low voltage trigger 
levels. 

The ML4402, when combined with the ML4401/4431 
Servo Demodulator, the ML4403, ML4413 Analog Servo 
Controller and the ML4404 Trajectory Generator, provides 
a flexible high-performance head positioning servo 
system. 



FEATURES 

■ Low differential input offset voltage 

■ Contains all controi circuitry necessary to drive an 
external transistor bridge 

■ Differential amplifiers internally compensated 

■ Unique disable function interrupts actuator current 

■ Programmable dual supply low voltage detector 

■ Single -I-12V power supply 

■ Compatible with Micro Linear's ML4401/4431 
Servo Demodulator, ML4403, ML4413 Servo 
Controller and ML4404 Trajectory Generator chips 



The ML4402-1 and ML4402-2 differ in offset voltage at the 
differential error signal inputs which is a result of the manu- 
facturing trim process. 




Valt 



ViNY 
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PIN CONNECTIONS 



Viny[ 


1 


Ty 


20 


] GND 


VINX[ 


2 




19 


] CMP1 


REFA [ 


3 




18 


] SGND 


Vcc[ 


4 




17 


] ^1 


Valt[ 


5 




16 


] ^^ 


PSl[ 


6 




15 


] ^^ 


PS2[ 


7 




14 


] ^2 


psf[ 


8 




13 


] C2 


DIS[ 


9 




12 


] S2 


RETR [ 


10 




11 


] CMP2 




TOP VIEW 




20-PrN [ 


)IP 


(Pro 


tot) 


^pes Only) 



20-PIN PLCC Package 

ViNX GND 
REFA I ViNY I CMP1 




DIS I CMP2 I C2 
RETR S2 



PrN DESCRIPTION 



PIN# 



NAME 



FUNCTION 



PIN# 



NAME 



FUNCTION 



1 



10 



V|NY 



V|NX 



REFA 

Vcc 

Valt 



6 


PS1 


7 


PS2 


8 


PSF 



DIS 



RETR 



Inverting input for error voltage 
signal. Used as a reference voltage 
(analog ground) input v^hen using 
a single ended output from the 
ML4403 Servo Controller. Ob- 
tained from the Vref output of the 
ML4401 Servo Demodulator. 
Non-inverting input for error 
voltage signal. Used as the signal 
input pin u'hen using a single 
ended output from the ML4403. 
Reference pin for lov^ voltage 
comparator. 
-1-12 V pov^er supply pin. 
Optional -i-5V power supply pin to 
keep the PSF pin operating if Vcc 
fails. With Valt at +5V, the PSF pin 
v^ill go low if Vcc go^s to zero, or 
too low to operate the comparator. 
Voltage input for low voltage 
comparator. 

Voltage input for low voltage 
comparator. 

Power supply failure indication, is 
an open collector output of com- 
parator. Logic low indicates PSl 
and /or PS2 voltage has gone be- 
low REFA. 

Amplifier Disable pin. TTL input 
that disables both amplifiers with a 
logic high. 

Return spring output, clamped 
open collector output, opposite 
logic polarity as pin PSR Used to 
drive optional safety circuitry. 



CMP2 



Compensation nodeof AMP2 
used to add additional compensa- 
tion; the device is manufactured 
with approximately 27 pF of inter- 
nal compensation. 
Bandwidth Effects: 



f= 



gm 







2Tr(C+27pF) 






Slew Rate Effects: 






C+27pF 






Where: 






gm = 150jL(mhos 
C = External Compensation 
Capacitor CcMPi 
or CcMP2 


12 
13 


S2 
C2 


Current sense input for AMP2. 
Collector of output transistor of 
AMP2. 


14 


E2 


Emitter of output transistor of 
AMP2. 


15 


CI 


Collector of output transistor of 
AMPl. 


16 


El 


Emitter of output transistor of 
AMPl. 


17 
18 


SI 
SGND 


Current sense input for AMPl. 
Reference ground for SI, S2 
feedback. 


19 


CMPl 


Compensation nodeof AMPl, 
used to add additional compensa- 
tion. The device Is manufactured 
with approximately 27 pF of inter- 
nal compensation. Bandwidth and 
Slew Rate effects are the same as 
theCMP2pin. 


20 


GND 


Ground. 
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ABSOLUTE MAXIMUM RATINGS 

Absolute maximunn ratings are those values beyond which the 
device could be permanently damaged. Absolute maximum ratings 
are stress ratings only and functional device operation is not implied. 

Power Supply Voltage (Vcc) 14V 

Terminal Voltage Range 

(V|NX. V|NY. Valt, PSI, PS2, REFA, DIS) -0.3 to Vcc+0.3V 

SI, S2 7V 

Terminal Input Current (CMP1, CMP2) 0.1 mA 

Storage Temperature Range -65°Cto +150° C 

junction Temperature (Tj) 125° C 

Lead Temperature (Soldering, lOsec) 260° C 



OPERATING CONDITIONS 



Supply Voltage 

Vcc 12V±107o 

Valt 5V±107o 

Typical Component Values (Refer to Typical Application) 

RoA 470Q 

Rob 240Q 

Roc 150Q 

Rod 0.5Q 



ELECTRICAL CHARACTERISTICS 

The following specifications apply over the recommended operating conditions of Vcc = 10.8 V to 13.2V V|ny = 5 V, Ta=0 to 
70° C, and external components as shown above unless otherwise specified (See Note 1). 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 
NOTE 2 


MAX 


UNITS 


Power Supply 


Ice 


Vcc Supply Current 


Outputs unloaded. Pin REFA open 




10 


20 


mA 


Idd 


Valt Supply Current 


Vcc=GND 




150 


500 


mA 


Amplifier Characteristics 


Avi 


Voltage Gain at Pin SI, 

Vsi/(V,nx-V,ny); 
Applies when V,Nx>V|NY 


V,Nx=5.1and6V 
V,NY = 5.0V 


0.342 


0.352 


0.362 


v/v 


Av2 


Voltage Gain at Pin S2, 

VS2/(V|NY-V,NX); 

Applies when V|NY>V|Nx 


V|Nx=4.9and4V 
V,NY = 5.0V 


0.342 


0.352 


0.362 


v/v 


eAV 


Gain Linearity Error 


(Avi-Av2/0.5(Avi+Av2) 


-2 





2 


% 


Vos 


V|NX/ V|NY Input Offset Voltage 
with Respect to Either Pin SI or 
Pin S2 


Vqs defined where 

AviorAv2>0.16 

Ta=25°C 


-10 




+10 


mV 


VoS DIFF 


Differential 
Input Offset 


Vosi-Vos2 
Ta=25°C 


ML4402-1 
ML4402-2 


-5 
-10 




+5 
+10 


mV 


Tcvos 


Offset Voltage Tempco 






15 




mV/°c 


Vs 


Voltage Swing Range of Pin SI, 
S2 Above Ground 


Vsi;V,Nx=6.7V 
Vs2;V,NX=3.3V 




0.5 


0.65 


V 


'VR 


Input Voltage Range into Vi^x 
and V,NY 




3.3 




10 


V 


llBI 


Input Bias Current, Vi^x and 

V|NY 







10 


75 


mA 


l|B2 


Input Bias Current, Pin S1 or S2 
(sourcing) 


Vsi,Vs2=GND 


-1.6 


-1.2 


-0.8 


mA 


PSRR 


Power Supply Rejection 






60 




dB 


CMRR 


Common Mode Rejection 
Ratio 






80 




dB 


GBP 


Gain Bandwidth Product 


CcMP1,2 = 




0.83 




MHz 


SR 


Slew Rate 


CcMP1,2 = 




0.74 




V//iS 


Output Transistor Characteristics 


buT 


Output Current; Ici, Iev Ic2/ 'e2 


V,NX-V,NY=+1V 

VcvVc2 = 3V;Vei,Ve2=0.7V 


50 


100 




mA 



j^ Micro Linear 



5-65 



ML4402 



ELECTRICAL CHARACTERISTICS (Continued) 

The following specifications apply over the recommended operating conditions of Vcc = 10.8 V to 13.2 V, V|my= 5 V, Ta=0 to 
70° C, and external components as shown unless otherwise specified (See Note 1). 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 
NOTE 2 


MAX 


UNITS 


Internal Voltage Reference (Vref) 


PSmin 


Minimum Allowable Vcc 
Voltage 


Where Vref>2.48V 


4.75 






V 


Vref 


Vref Voltage 


Tj = 25°C 


2.44 


2.55 


2.66 


V 


Treg 


Vref Thermal Stability 


Over Specified Range 




50 




ppm/°C 


Rref 


Rref Resistance 


(Internal Resistor from Vref to Pi" REFA) 




2.55 




kS 


Comparator 


Vos 


Input Offset Voltage, any Two 
inputs 




-30 


5 


30 


mV 


l|N 


Input Bias Current 




-0.5 


-0.1 





IaA 


Vol 


PSF Logic Voltage 


loL = 1-6mA 





0.2 


0.4 


V 


Vol 


RETR Logic Voltage 


•sink = 3 mA 





0.5 


1 


V 


Iqh 


PSF Logic 1 Leakage Current 


VpsF=5V 


-10 


0.2 


10 


,aA 


loH 


RETR Logic 1 Leakage Current 


Vretr = 2V 


-20 


0.05 


20 


IxA 


Amplifier Disable Section 


V,H 


DIS Logic High Voltage 




2.0 






V 


l|H 


DIS Logic High Current 


V,H = 2.4V 


-20 




20 


mA 


V,L 


DIS Logic Low Voltage 








0.8 


V 


l|L 


DIS Logic Low Current 


V,L = 0.4V 


-20 




20 


mA 



Note 1: 0° C to 70° C operating temperature range devices are 100% tested with temperature limits guaranteed by 100% testing, sampling, or by 
correlation with worst-case test conditions. 
Note 2: Typicals are parametric norm at 25° C. 
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TYPICAL APPLICATION DIAGRAM 



ML4403VOUT 



ML4401 Vref 




OPTIONAL SAFETY CIRCUITRY 



ORDERING INFORMATION 









TEMPERATURE 




PART NUMBER 


PACKAGE 


PIN COUNT 


RANGE 


COMMENTS 


ML4402-1CP 


PDIP 


20 PINS 


0°Cto+70°C 


lnputOffset=±5mV 


ML4402-1CQ 


PCC 


20 PINS 


0°Cto+70°C 


lnputOffset=±5mV 


ML4402-2CP 


PDIP 


20 PINS 


0°Cto+70°C 


1 nput Offset =± 10 mV 


ML4402-2CQ 


PCC 


20 PINS 


0°Cto+70°C 


1 nput Offset =± 10 mV 
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Servo G)ntroller 



GENERAL DESCRIPTION 

The ML4403/4413 Servo Controller provides analog circuitry 
used in high performance trajectory and position control 
system for disk drive transducer heads. As a part of a head 
positioning servo system, this bipolar monolithic chip is de- 
signed to accept quadrature position signals and generate a 
servo error signal. While designed for minimum track access 
time, the ML4403/4413 supports a wide range of system 
designs. 

Trajectory control functions include a track crossing detector, 
a velocity signal generator, and a velocity event detector. 
System stability and short settling time is insured by the inter- 
polator function, which generates a ramp signal used to 
smooth the external position DAC output. 

Position control is provided by a signal error amplifier 
within the device. When used with the ML4401/4431 
Servo Position Demodulator, the track selection is 
performed by ML4401/4431 peak detector timing. This 
selection method eliminates track to track voltage offset 
problems and allows minimum track spacing. The ML4413 



FEATURES 

■ Interpolate function smooths trajectory curve 

■ Flexible architecture allows user defined loop response 

■ Provides minimum track access time and maximum 
track density 

■ Single -I-12V power supply 

■ Compatible with ML4401 Servo Demodulator, 
ML4402, ML4406/07/08 Servo Driver and ML4404 
Trajectory Generator 

has a discharge function that enables zeroing of the 
external error amplifier compensation. This feature 
further reduces position settling time. An on-board 
on-track detector is provided which is used as a safety 
alarm by the controller for an off-track condition. 

The ML4403/4413 Servo Controller, when combined with 
the ML4401 Servo Demodulator, the ML4402, 
ML4406/07/08 Servo Driver and the ML4404 Trajectory 
Generator provfdes a flexible closed-loop servo control 
system. 



BLOCK DIAGRAM 



POSa- 
POSb - 



DIFa " 
DIFb - 



POSI - 

*CDIS ■ 

*DIS - 



ML4403/ML4413 



t> 



\> 



Vcc 



± 



COMPARATORS 



POSITION 

FILL-IN 

INTERPOLATOR 



t 



li 



VELOCITY SIGNAL GENERATOR 



VELOCITY 
COMPARATOR 



VELOCITY 
ERROR AMP 



MODE 
LOGIC 



VELOCITY 

EVENT 
DETECTOR 



OUTPUT 
MULTIPLEXER 



POSITION AMP 



ON-TRACK DETECTOR 



*CMP1 
*CMP2 



-FILL 
VELO 



CMPO 
TCO 



PINS WITH THE * IN FRONT ARE USED ON THE ML4413 ONLY. 
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PIN CONNECTIONS 



ML4403 20-PIN DIP (Prototypes only) 

DECO [ 1 ^^ 20 ] Din 




ML4403 20-PIN PLCC 

MODE Din 
FILL I DECO I VELE 




TCO I DIFA I VELO 
TCI DIFB 



ML4413 24-PIN SKINNY DIP (Prototypes only) 



DEC0[ 


1 


^24 


]D|n 


MODE [ 


2 


23 


] VELE 


fill[ 


3 


22 


] VELC 


POSA [ 


4 


21 


] POSI 


POSB [ 


5 


20 


]CDIS 


CMP2 [ 


6 


19 


]CMPO 


gnd[ 


7 


18 


] DIS 


CMP1 [ 


8 


17 


] EVO 


Vcc[ 


9 


16 


] VR 


TRKX [ 


10 


15 


] VELO 


TC0[ 


11 


14 


]difb 


TCI [ 


12 


13 


]difa 



ML4413 28-PIN PLCC 

FILL DECO VELE 
NC I MODE I Din I VELC 



POSA [ 
POSB [ 
CMP2 [ 
GND [ 8 
CMP1 [ 
Vcc[ 
NC [ 



1 28 27 26 



25 ] NC 



12 13 14 15 16 17 



] POSI 
] CDIS 
] CMPO 
] DIS 
] EVO 
] VR 



TRKX I TCI I DIFB | NC 
TCO DIFA VELO 



NC = NO CONNECTION 



j^ Micro Linear 



5-69 



ML4403, ML4413 



PIN DESCRIPTION 



ML4403 

DIP and 
PLCC 



ML4413 
DIP PLCC 



NAME FUNCTION 



1 



10 



DECO 



2 
3 


2 
3 


2 
3 


MODE 
FILL 


4 
5 


4 

5 


5 
6 


POSA 
POSB 


6 


7 
8 
6 


8 
9 

7 


GND 
CMP1 
CMP2 


7 
8 


9 
10 


10 
12 


Vcc 
TRKX 



11 13 



12 14 



18 21 



TCO 



TCI 



11 


13 


15 


DIFA 


12 


14 


16 


DIFB 


13 


15 


17 


VELO 


14 


16 


19 


VR 


15 


17 


20 


Evo 



DIS 



16 


19 


22 


CMPO 




20 


23 


Cdis 


17 


21 


24 


POSI 


18 


22 


26 


VELC 


19 


23 


27 


VELE 


20 


24 


28 


D|N 



Digital output from the velocity event detector. In application, this output goes 
to a logic high v^hen the actual actuator velocity reaches the trajectory curve. It 
remains high through the "braking" or negative acceleration. This pin goes low 
when velocity is zero and remains low during actuator acceleration. This pin is 
only allowed to go high during access mode. This output is open collector and 
requires an external pull-up resistor. 

Digital input used to select Hold mode (low level) or Access mode (high level). 
Analog output that provides a sawtooth waveform that, when summed with 
stair-step output of the external DAG, provides a smooth trajectory curve. Refer 
to Figure 3. 

Analog input for quadrature position signals from demodulator (ML4401/ 
4431). Low pass prefiltering is recommended to eliminate peak detector 
ripple and external noise. 
Device ground connection. 

Digital outputs that can be used for various control and count schemes. These 
pins are only available on the ML4413. Timing is shown in Figure 3. These out- 
puts are open collector outputs with an internal pull-up resistor tied to +5V. 
+12 V power supply connection. 

Digital output that provides a logic transition at each track crossing which is 
defined as the point midway between two tracks. Refer to Figure 3. This output is 
open collector with an internal pull-up resistor tied to +5V. 
Digital output from the on-track detector. Used in Hold mode, this pin goes to 
logic high when the position signal exceeds an established window. This output 
is open collector with an internal pull-up resistor tied to -i-5V. 
Analog input into the on-track detector. The Input is normally derived from the 
position signal. 

Analog inputs for differentiated quadrature position signals. These inputs are 
used to generate the velocity signal at output VELO. 

Analog output that provides a continuous velocity (tachometer) signal by time 
multiplexing/ inverting the DIFA, DIFB input signals. 
Reference voltage input. This value should typically be +5V, which is 
obtainable from the Vref output of ML4401/4431. 

Multiplexed analog output of both velocity error and position error signals. This 
output is used as the input for the servo actuator driving circuity such as the 
ML4402. 

Digital input that, upon a logic high, electrically shorts pins GDIS and GMPO in 
order to keep the compensator capacitor discharged after entering hold mode. 
This pin and function is only available on ML4413. This function is used to re- 
duce settling time when entering the Hold mode. Unlike pins MODE and DIN 
which float to logic high, this pin floats to logic low when left unconnected. 
Analog connection point for position compensation circuitry that is connected 
between this pin and POSI. 

Used to discharge external position compensation as shown in Figure 5. This pin 
is only available on ML4413. On the ML4403 this pin is internally connected to 
pin POSI. 

Analog input for position control amplifier. 

Analog input into velocity comparator. The velocity comparator trigger level is 
VR and is used for velocity event detection as described below. 
Analog input for velocity error signal generated off-chip, referenced to VR. 
Digital input that controls actuator direction during Seek mode. This input af- 
fects the waveforms of outputs Fill, VelO/ ^nd Evo- Refer to Figure 3. 
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ABSOLUTE MAXIMUM RATINGS 

Absolute maximum ratings are those values beyond which the 
device could be permanently damaged. Absolute maximum ratings 
are stress ratings only and functional device operation is not implied. 
(All voltages referenced to GND.) 

Power Supply Voltage, Vcc 14 V 

Terminal Voltage Range 

VR -0.3to7.0V 

POSI -O.StoVR +0.3V 

DIN, ROSA, POSB, DIFA, DIFB, VELE, VELQ MODE, DIS, 

"nCI -0.3 to Vcc +0.3V 

Storage Temperature Range -65°Cto +150°C 

Junction Temperature +125°C 

Lead Temperature (Soldering, lOsec) 260°C 



OPERATING CONDITIONS 



Temperature Range 0°Cto 70°C 

Supply Voltage (Vcc) 12V±107o 



ELECTRICAL CHARACTERISTICS 

The following specifications apply over the recommended operating conditions of Vcc = 10-8 to 13.2 V, and Vr = 5.0 V, unless 
otherwise specified. (See Note 1.) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 
NOTE 2 


MAX 


UNITS 


Power Supply 


Ice 1 Vcc Supply Current 


Outputs unloaded 




38 


60 


mA 


DIGITAL INPUT/OUTPUT CHARACTERISTICS 


Inputs Dim and Mode 


V,H 


Logic High Voltage 




2.0 






V 


l|H 


Logic High Current 


V,H = 2.4V 


-40 


1 


40 


mA 


V,L 


Logic Low Voltage 








0.8 


V 


l|L 


Logic Low Current 


V|L=0.4V 


-100 


-50 





mA 


Input DIS(ML4413 Only) 


V,H 


Logic High Voltage 




2.0 






V 


l|H 


Logic High Current 


V,H = 2.4V 





180 


250 


mA 


V,L 


Logic Low Voltage 








0.65 


V 


Outputs TCO and TRKX 


Vol 


Output Low Voltage 


loL=l-6mA 







0.4 


V 


VOH 


Output High Voltage 


Ioh-50mA 


2.4 






V 


tpD 


Propagation Delay 


Cl=15pF 




200 




ns 


Vth 


Track Comparator Window 


+ and - relative to VR 


235 


257 


270 


mV 


Outputs CMP1 and CMP2 (ML4413 Only) 


Vol 


Output Low Voltage 


loL= 0.4 mA 







0.4 


V 


VoH 


Output High Voltage 


Ioh--50mA 


2.4 






V 


Output DECO 


Vol Output Low Voltage 


loL=l-6mA 







0.5 


V 
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ELECTRICAL CHARACTERISTICS (Continued) 

The following specifications apply over the recommended operating conditions of Vcc = 10.8 to 13.2 V, and Vr=5.0V, unless 
otherwise specified. (See Note 1 .) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 
NOTE 2 


MAX 


UNITS 


ANALOG INPUT/OUTPUT CHARACTERISTICS 


Outputs Fill, VELO, COMPO, and EVO 


Vosi 


input Offset Voltage EVO, FILL 






2 




mV 


VoS2 


Input Offset Voltage COMPO 




-5 




5 


mV 


VoS3 


VELO 

Input Offset Voltage Tracking 

Between 4 Multiplex States 


Variation in output level in 
4 multiplex states with 
DIFA-DIFB = 5V 


-10 




10 


mV 


SRi 


Slew Rate FILL 






4 




V//iS 


SR2 


Slew Rate COMPO, VELO, 
EVO 






1 




V/^s 


VOUT 


Output Range All 




1.0 




9.0 


V 


ISRCl 


Source Current COMP, VELO, 
FILL 




3 






mA 


'SRC2 


Source Current EVO 




1.5 






mA 


'SNKI 


Sink Current FILL 




0.25 






mA 


'SNK2 


Sink Current EVO, VELE 




2 






mA 


'SNK3 


Sink Current COMPO 




4 






mA 


Operational Amplifiers 


" 


Vos 


Input Offset Voltage 






2 


! 


. mV 


tc 


Average Temperature Coeff of 
Input Offset Voltage 






20 




lA//°C 


los 


Input Offset Current 






10 




nA 


•b 


Input Bias Current 






100 




nA 


AVoL 


Open Loop Gain 






200 




V/mV 


GBW 


Gain Bandwidth Product 






1 




MHz 


POSA, POSB Comparators 


Vos 


Input Offset Voltage 






2 




mV 


Vhys 


Hysteresis 






±500 




mV 


tc 


Average Temp Coeff of Input 
Offset Voltage 






20 




mv/°c 


los 


Input Offset Current 






50 




nA 


Ib 


Input Bias Current 






500 




nA 


Av 


Voltage Gain 






200 




V/mV 


Pd 


Response Time 






500 




ns 



Note 1: 0°C to +70°C operating temperature range devices are 100% tested with temperature limits guaranteed by 100% testing, sampling, or 
by correlation with worst-case test conditions. 
Note 2: Typicals are parametric norm at 25°C. 
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FUNCTIONAL DESCRIPTrON 

Power Supply and Reference Requirements 

The ML4403/4413 operates from a single 12V + 10% 
power supply, a 5.0V reference is required at pin VR 
which is available from pin Vref on the ML4401/4431. 
VR serves as a system reference or "analog ground". 

Modes of Operation 

The device has two modes of operation, Access and Hold 
mode, which are controlled by pin MODE. To accomplish 
this, pin MODE controls the output multiplexer that selects 
either the velocity or position error signal. 

Access Mode 

The head actuator servo system uses Access mode to move 
the recording head(s) from one data track to another. Access 
mode circuitry within the ML4403/4413 includes analog 
functions necessary to measure and control head actuator 
velocity. The head velocity is controlled in a fashion that 
provides for a fast track-to-track movement and minimum 
settling time, which results in minimum track access time. 

Actuator Trajectory 

Similar to racing to the next stop sign, the fastest way to move 
from one data track to the next is through maximum acceler- 
ation and maximum braking (negative acceleration). In a disk 
drive the acceleration, either positive or negative, is governed 
by maximum available actuator current. To do this in a con- 
trollable manner and land on the target track, an achievable 
"braking curve" or trajectory function is first defined. At the 
beginning of Access mode, maximum acceleration is applied 
until the head velocity reaches this defined braking curve. 
Following the velocity profile of the trajectory curve, con- 
trolled braking stops the head on the target track. 

Unlike acceleration, velocity and distance are accurately 
measurable and therefore controllable parameters. The tra- 
jectory function, as shown in Figure 2, is therefore expressed 
as velocity (track crossing rate) vs. distance (tracks to go). The 
desirable constant positive and negative acceleration will 
result in the expression of velocity as a function of the square 
root of distance. Therefore generation of the trajectory curve, 
velocity vs. distance, requires a non-linear function. 

Actuator Trajectory Generation 

At the start of a track access cycle, initial tracks-to-go count is 
supplied by the microprocessor. As the head moves, the 
count is decremented by the ML4403/4413 track crossing 
detector. To generate the analog "desired velocity" signal 
required for braking control, the tracks-to-go count (distance 
variable) is converted through a DAC (Digital to Analog Con- 
verter) with a non-linear square function included either 
before or after the conversion. One common approach used 
to obtain this non-linear function is to pre-process the tracks- 
to-go count (or multiple thei-eof) in the microprocessor. This 
can be performed algorithmically by the use of a look up 
table. 



An alternate method, as shown in the typical application of 
Figure 5 places the non-linear function after the DAC conver- 
sion. The tracks-to-go count is maintained by a simple dis- 
crete down-counter that is initialized by the microprocessor. 
To eliminate the DAC steps and provide a smooth distance 
signal, the DAC output is summed with the ML4403/4413's 
FILL output in the external summing amplifier shown. The 
FILL output generates a sawtooth wave, as shown in Figure 3. 
This distance signal is then passed through the non-linear 
trajectory generator which generates the "desired velocity" 
signal used during braking. Generating a smooth trajectory 
curve reduces electrical /mechanical system oscillation and 
target track settling time. 

Inductance-caused actuator lag can also create a target track 
overshoot problem. The trajectory curve generator, as indi- 
cated, can be designed to allow the microprocessor to mod- 
ify the non-linear function in a way to account for this lag. 
Refer to Figure 2. The amount of lag will depend on duration 
of braking. Braking duration can be correlated against accel- 
eration duration which is indicated by the timing of pin 
DECO. 

The track crossing detector, which drives the trajectory posi- 
tion counter (see Figure 5), is generated with external logic. 
The input comparators have a fixed amount of internal hys- 
teresis to provide noise immunity and media dropouts. The 
CMP1 and CMP2 outputs on the ML4413 can be used to 
perform more sophisticated sequential track crossing detec- 
tion schemes. This can further reduce the detector's suscep- 
tability to media dropouts. 

Hold Mode 

At the end of an Access cycle, the head is stopped, or nearly 
so, on the target track. Hold mode is then selected to main- 
tain accurate head positioning on that track. In this mode, the 
compensator output (CMPO) is multiplexed into the error 
amplifier output (EVO). 

Track Selection 

Track position is held by maintaining a zero value of the posi- 
tion input signal, with respect to VR. However, to allow selec- 
tion of one of four track types and maintain error signal 
polarity, selection of ROSA, POSB, or their inverse needs to 
be possible. Commonly this selection process is accom- 
plished with an analog multiplexer-inverter matrix. The prob- 
lem inherent with this approach is the track-to-track offset 
differences, caused by the amplifier input offset differences 
within the matrix. 

The track selection scheme adopted by the ML4401/4431 
and ML4403/4413 combination performs the multiplexing 
within the ML4401/4431. The selection/inversion 
operation is performed with the external support logic of 
the ML4401/4431 by changing the peak detector sample 
timing. This method eliminates the offset problems and 
allows a higher track density. 
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Position Amplifier and Compensator Zeroing 

During track following mode (mode low), the compensator 
amplifier acts as an integrator which nulls out the position 
error. The timing of the transition between access mode and 
track follow is critical to minimize settling time. The velocity 
at which this transition occurs can be externally set by resistor 
RCMP (see Figure 5). During seek mode, the large compensa- 
tor capacitor (CCMP) is discharged through an internal 
switch, so that the integrating loop sees no initial charge at 
the beginning of track follow mode. This can reduce settling 
time by several milliseconds. 

The ML4413 provides a further enhancement of this feature. 
The switch can remain closed after the beginning of the seek- 
to-track follow transition by holding pin DiS high. In this way, 
the time at which the logic switches modes, and the time that 
integration begins can be controlled independently, and 
further settling time reduction can be acheived. 

On-Track Detector 

The on board on-track detector is a window comparator that 
provides a digital alarm of an off-track condition. This feature 
is useful as a safety to prevent data transfer during an off-track 
condition that may occur during track settling or mechanical 
jarring. 

Velocity Control 

As a necessary element of velocity control, a velocity 
signal is generated and is output at pin VELO. To 



accomplish this, the quadrature position signals are first 
differentiated through external RC networks and then 
input into pins DIFA and DIFB. The ML4403/4413 then 
time multiplexes these differentiated signals to obtain a 
continous velocity signal that is output at pin VELO. It is 
important to note that the trajectory generator shown 
in Figure 5 generates a "desired velocity" signal positive 
with respect to VR, and that VELO creates a negative 
signal with respect VR. This allows the use of a simple 
external resistor bridge to create the velocity error 
signal. 

The summing function can be modified, as illustrated, by the 
action of pin DECO when the actual velocity reaches the 
trajectory curve. Modification can also be made just prior to 
that time with the "optional trajectory overshoot compensa- 
tion" circuit, shown in Figure 5, that prevents overshoot due 
to actuator motor inductance. 

Inductance-caused actuator lag can also create a track over- 
shoot problem. The trajectory curve generator, as indicated, 
can be designed to allow the microprocessor to modify the 
non-linear function in a way to account for this lag as shown 
in Figure 2. The amount of lag will depend on duration of 
braking. Braking duration can be correlated against accelera- 
tion duration which is indicated by the timing of pin DECO. 
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♦NOTE: THESE PINS ONLY AVAILABLE ON ML4413 

Detailed Function of Block Diagram of the ML4403/13 
Figure 4. 
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•NOTE- THESE ARE TYPICAL VALUES ONLY AND MAY NOT BE OPTIMAL CHOICES. 
"NOTE. CIRCUIT DRAWN FOR ML4403CQ AND ML4404CQ VERSIONS. 
DIFFERENT PIN NUMBERS ARE USED ON OTHER VERSIONS 



Figure 5. Connecting the ML4403 to the ML4404 Trajectory Generator and the ML4402 Servo Driver 
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ORDERING INFORMATION 



PART NUMBER 


PACKAGE 


PIN COUNT 


TEMPERATURE 
RANGE 


ML4403CP 
ML4403CQ 
ML4413CP 
ML4413CQ 


Plastic DIP 

Plastic PCC 

Plastic DIP (0.3" Wide) 

Plastic PCC 


20 PINS 
20 PINS 
24 PINS 
28 PINS 


O'^C to +70*'C 
O^'C to +70*'C 
0«C to +70*>C 
O'^C to +70*'C 



Micro Linear reserves the right to make changes to any product herein to 
improve reliability, function or design. Micro Linear does not assume any 
liability arising out of the application or use of any product described herein, 
neither does it convey any license under its patent right nor the rights of others. 



2092 Concourse Drive 

San Jose, CA 95131 

Tel: 408/433-5200 

Telex: 275906 
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Trajectory Generator 



GENERAL DESCRIPTION 

The ML4404 Trajectory Generator provides the 
trajectory function for time optimal head positioning 
systems. The ML4404 receives position and velocity 
information from a servo controller, such as the 
ML4403, and generates the desired time optimal 
velocity trajectory. Desired Velocity is then compared 
with the actual velocity to create the error signal used 
by the servo controller. 

An anticipate function is included to compensate for 
phase shift error caused by actuator inductance. 
Another feature on the ML4404 is an error measure 
output which averages the velocity error during 
deceleration, so that the control system can monitor 
and adjust the necessary transducer gain for minimum 
access time. 

The servo system usually requires accurate analog 
voltages to be set through software control. This is 
easily accomplished with a duty cycle to current 
translator function on the ML4404. By controlling the 
duty cycle of a TTL line, a processor can set an analog 
voltage on the translator output. These translators are 
fully independent blocks which can be used anywhere 
in the control system. 



FEATURES 

■ Flexible architecture allows a user defined 
trajectory function 

■ Anticipate function compensates for phase delay 
caused by actuator inductance 

■ Feed forward function improves system stability 

■ Uncommitted PWM to current translators allow an 
analog voltage to be set with microprocessor 
control 

■ Single +12V power supply 

■ Compatible with Micro Linear's ML4401, ML4431 
Demodulator, ML4402, ML4406/07/08 Driver, and 
ML4403, ML4413 Controller 
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PIN CONNECTIONS 



ML4404 28-Pin PLCC 
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TRAJin| 
r-ir- 1 
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20 
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PIN DESCRIPTION 

PIN# 
ML4404 NAME 



FUNCTION 



1 



7 
8 
9 

10 

11 
12 



MSB 



2 


LSB 


3 


ISET 


4 


TRAJiN 


5 


'sum 



RYvos 

PWMoUTB 
PWMoUTA 
PWMiNA 

PWMiNB 

NC 
DIR 



Pulse width modulated (PWM) DAC TTL input (active low). The DAC output 
current is the position input to the trajectory generator. The MSB/ LSB ratio is 8/ 
1 . The duty cycle of these two TTL inputs are controlled by a processor to form 
an 8-bit PWM DAC. The 3 higher order bits are modulated into the MSB. 
Pulse width modulated (PWM) DAC TTL input (active low). The 5 lower order 
bits are modulated into the LSB input. 

A resistor (Rset) ^forn this pin to Vref sets the internal bias levels. Ibias = 3V/Rset- 
The nominal value should be between 0.25 and 0.5 mA. 
The trajectory generator input. This node is connected through an external filter 
to the sum of the PWM DAC output and the multiplier output. 
The trajectory DAC output which is summed with the multiplier output feed- 
back. An external RC filter network from this pin to TRAJi^ smooths out PWM 
DAC ripple. 

Nulls out the offset of the trajectory curve at the origin. A resistor equal to RY is 
connected from this pin to Vref- This pin is available only on the ML4404. 
PWM to current translator output. 
PWM to current translator output. 

TTL input for the PWM to current translator. This converter translates a signal's 
duty cycle to an analog voltage. 

TTL input for the PWM to current translator. This converter translates a signal's 
duty cycle to an analog voltage. 
No Connection. 

TTL direction input from the processor. Controls the polarity of the V/i converter 
output. 
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PIN DESCRIPTION (Continued) 

PIN# 

ML4404 NAME 



FUNCrrON 



13 



VIOUT 



14 


RSENSEA 


15 


RSENSEB 


16 


RY 


17 


RXb 


18 


RXa 


19 


TRAJouT 


20 


DECEL 



21 ELATCHouT 

22 ANTICIPATE 



23 Vcc 

24 GND 

25 EAMPouT 



26 EMEASouT 

27 Vref 



28 



EAMPiN 



The V/l converter output. This circuit block monitors the differential voltage 
across the sense resistors of an actuator driver (such as the ML4402) and con- 
verts it to a bidirectional current whose scale factor is set by two external resis- 
tors. This current can be used to compensate for a noise reducing low pass filter 
in the output of the velocity transducer so that there is no net phase shift in the 
velocity signal. 

A gain setting resistor is connected from this input to the sense resistor on the 
bridge driver. 

A gain setting resistor is connected from this input to the sense resistor on the 
bridge driver. 

A resistor (RY) is connected from this pin to Vrep. RY and RX set the second or- 
der term of the trajectory curve. 

A resistor (RX) is connected between RXa AND RXb to set the second order term 
in the trajectory curve. 

A resistor (RX) is connected between RX^ and RXb to set the second order term 
in the trajectory curve. An additional resistor (RK3) can be connected from RXa 
to either the trajectory output (TRAJqut) or to Vref to set the third order term. 
The trajectory output. This voltage relative to Vref is proportional to the desired 
velocity. A resistor and capacitor from this pin to TRAJin sets the first order term 
and the loop compensation. 

Decelerate mode TTL input from the servo controller (such as the ML4403). 
When low (during accelerate) the anticipate output becomes a voltage follower, 
the error measure output is a high impedance, and the error sign is latched. 
When high (during deceleration) anticipate goes to high impedance, error mea- 
sure integrates the velocity error, and the error sign latch is transparent. 
The latched sign of the access loop error during deceleration. This TTL output 
can be used by the processor to adjust the velocity transducer gain to match that 
required by the mechanical system. 

Modifies the trajectory curve during acceleration and the accelerate to deceler- 
ate transition. This accounts for the time delay error caused by the actuator in- 
ductance. 

-<-12V power supply. 
Ground. 

Error amplifier output. The positive trajectory output (desired velocity) is 
summed with the negative velocity input (actual velocity) to form a difference 
output. The velocity input comes from the servo controller (such as the 
ML4403). 

Error measure output. This output averages the value of the access loop error 
during deceleration. 

The analog zero reference point. This pin is intended to be driven with the 
ML4401 Vref output. The ML4404 has an internal 5 V reference connected 
through a current limiting resistor to this pin so that standalone operation/ 
evaluation is available. 

Error amplifier input. The INPUT summing node for the trajectory and velocity 
signals. 
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ABSOLUTE MAXIMUM RATINGS 

Absolute maximum ratings are those values beyond which the 
device could be permanently damaged. Absolute maximum ratings 
are stress ratings only and functional device operation is not implied. 
(All voltages referenced to GND.) 

Power Supply Voltage, Vcc 14 V 

Vrer Rsensea/ Rsenseb -0.3 to +7V 

TTL Inputs, Ibias/ ELATCHqut -0.3 to +7V 

PWMouTA/ PWMouTB. PWMouTC -0.3 to Vcc +0.3 V 

Anticipate, Viqut/ EAMPqut -0.3 to Vcc +0.3 V 

EAMPiN, TRAJin -0.3toVcc +0.3V 

IsuM Vref -1 to Vref +1 V 

TRAJouT. RXa. RXb. RY, RYvos Vref -1 to Vcc +0.3 V 

Storage Temperature Range -65°C to +150°C 

Junction Temperature (Tj) +125°C 

Lead Temperature (Soldering, 10 sec) 260°C 



OPERATING CONDITIONS 

(See Figure 7) 

Temperature Range 0°C to 70°C 

Supply Voltage (Vcc) 12V±10% 

RsET 6.2K 

RK1 110K 

RY 3K 

RYvos 3 K 

RX 6.8K 

RK3 12KtoVREF 

CCOMP 56pF 

CF1 0.0022/4F 

CF2 Open 

RF 10K 

Rload 20Kto Vref 



ELECTRICAL CHARACTERISTICS 

The following specifications apply over the recommended operating conditions of Vcc ~ lO-S to 13.2 V, Vref = 5 V, TA=0 to 70°C, 
Rfilt = 10 K, RY = RYvos = 3 K, RK1 = 100 K, RX = 6.8 K, Rset = 6.2 K and RK3 = 12 K to Vref unless otherwise specified. (See Note 1 .) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 
NOTE 2 


MAX 


UNITS 


DC CHARACTERISTICS 


Ice Power Supply Current 




23 


35 


mA 


DIGITAL INPUT/OUTPUT CHARACTERISTICS 


(Inputs PWMiNAf B, C, MSB, LSB, DIR) 


V,H 


Logic High Voltage 




2.0 






V 


i|H 


Logic High Current 


V,H«2.4V 


-40 


10 


40 


mA 


V,L 


Logic Low Voltage 








0.8 


V 


l|L 


Logic Low Current 


V,L-0.4V 


-40 


1 


40 


mA 


Inputs (DECEL) 


V,H 


Logic High Voltage 




2.0 






V 


l|H 


Logic High Current 


V,H-2.4V 


-250 


5 


40 


mA 


V,L 


Logic Low Voltage 








0.8 


V 


IlL 


Logic Low Current 


V,L = 0.4V 


-1600 


-850 





fiA 


Outputs (ELATCHqut) 


Vol 


Output Low Voltage 


loL=l-6rnA 





0.3 


0.4 


V 


VoH 


Output High Voltage 


RL = 5Kt0VREF 


2.4 


5.0 


5.5 


V 


Trajectory Amplifier (See Note 3) 


■b 


Input Bias Current 







7 


20 


nA 


Av 


Open Loop Gain 






75 k 




v/v 


BW 


Unity Gain Bandwidth 






1 




MHz 


PHIM 


Phase Margin 






75 




DEG 


Velocity Error Amplifier 


Vos 


Input Offset Voltage 




-10 




10 


mV 


Ib 


Input Bias Current 







50 


300 


nA 


Av 


Open Loop Gain 






120 k 




V/V 


•source 


Source Current 




4 


8 




mA 


•sink 


Sink Current 




1 


2 




mA 


BV^ 


Unity Gain Bandwidth 






1 




MHz 


PHIM 


Phase Margin 






75 




DEG 


VOUT 


Output Voltage Range 




0.5 




Vcc -3 


V 
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ELECTRICAL CHARACTERISTICS (Continued) 

The following specifications apply over the recommended operating conditions of Vcc * 10-8 to 13.2V, Vref = 5V, 
Ta = to 70°C, RpiLT = 10K, RY = RYyos = 3K, RK1 = 100K, RX = 6.8K, Rset = 6.2K and RK3 = 12K to Vref 
unless otherwise specified. (See Note 1) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 
NOTE 2 


MAX 


UNITS 


Biasing 


V,s 1 IsET Voltage 




2.00 


2.02 


2.06 


V 


PWM to Current Translatoi^ 




Icharge/Iset/ bis/lsET 


PWMouT = 5.0V 




0.98 




mA/mA 




Icharge/Idis 


PWMouT = 5.0V 


0.910 


0.99 


1.10 


mA/mA 


Vqut 


Output Voltage Range 




1.5 




9 


V 


Transconductance Amps 


Vqs 


Input Offset Voltage 




-10 




10 


mV 


gm 


Transconductance 






1700 




//Mhos 


Iqutmax 


Max Output Current 






90 




M 


Ib 


Input Bias Current 






4.5 




M 


Latch/Comparator 


Ib 


Input Bias Current 







2 


10 


M 


Vos 


Input Offset Voltage 




-10 




10 


mV 


Av 


Open Loop Cain 






15k 




v/v 


tpd 


Propagation Delay 


Cl = 10pF, Rl = 2K to Vref 




60 




ns 


V/l Amp 


Iqs/Isense 
*100 


Sense Current Offset 


Isensea = Isenseb 
0.1mA < IsENSE < 1mA 
V,OUT = 5V 


-2 





2 


% 


VsMAX 


Max RsENSE Voltage 




0.5 


0.64 




V 


Vqut 


Output Range 




1.5 




9 


V 


Trajectory DAC 


Imsb/Iset 


MSB Current 






0.98 




mA/mA 


Imsb/Ilsb 


MSB to LSB Ratio 




7.8 


8.00 


8.5 


mA/mA 


Trajectory Multiplier (Note 4) 


Vqs 


Vqut - Vref at Origin 


Vqut at Isum = 


-5 




5 


mV 




VjRACKI • VtraCK32 


(VouT at iLSB/32)/(VouT at Ilsb) 


0.090 




0.140 


mV/mV 




VtRACK2 • VtRACK32 


(Vqut at Ilsb/16)/(Vout at Ilsb) 


0.165 




0.205 


mV/mV 




VtRACK4 • VtraCK32 


(Vqut at Ilsb/8)/(Vout at Ilsb) 


0.270 




0.320 


mV/mV 




VtRACK8 • VtraCK32 


(Vqut at Ilsb/4)/(Vout at Ilsb) 


0.430 




0.470 


mV/mV 




VtRACK16 • VjRACK32 


(Vqut at Ilsb/2)/(Vout at Ilsb) 


0.660 




0.695 


mV/mV 


Vlsb 


VtRACK32 


Vqut at Isum = Ilsb 


0.935 




1.035 


V 


VcROSS 


Crossover Error 


(Vqut at Isum = Ilsb) - 
(Vqut at Isum = Imsb^^) 


-25 




+10 


mV 




VtRACK32 •• VtracK256 


(Vqut at Imsb/8)/(Vout at Imsb) 


0.305 




0.325 


mV/mV 




VtRACK64 ' VtraCK256 


(Vqut at Imsb/4)/(Vout at Imsb) 


0.450 




0.470 


mV/mV 




VtRACK128 '■ VtraCK256 


(Vqut at Imsb/2)/(Vout at Imsb) 


0.670 




0.685 


mV/mV 




VtRACK192 • VtraCK256 


(Vqut at Imsb*3/4)/(Vout at Imsb) 


0.840 




0.860 


mV/mV 


Vmsb 


VtRACK256 


Vqut at Isum = Imsb 
(Ful' Scale + 1) 


3.070 




3.225 


V 


PSRR 


Supply Rejection 


at Origin 
at Full Scale 




0.2 
2 




mV/V 
mV/V 



Note 1: 0°C to +70°C operating temperature range devices are 100% tested with temperature limits guaranteed by 100% testing, sampling, or 

by correlation with worst-case test conditions. 
Note 2: Typicals are parametric norm at 25°C. 
Note 3: Minimum recommended load resistor is lOkQ from the trajectory output to V^Ep, 
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FUNCTIONAL DESCRIPTION 

Power Supply and Reference Requirements 

The ML4404 operates from a single 12V power supply. 
In addition, a 5.0V reference is required at pin Vrep 
which is available from the ML4401, ML4431. Vref 
serves as a system reference or "analog ground". 

Biasing 

All of the critical internal biasing on the ML4404 is set 
as a function of an external resistor, Rset- An internal 
feed-back loop forces the voltage on Iset (pin 3) to be 
2.0V. Rset is connected from this pin to Vref (S.OV) and 
the resulting current is used in the multiplier and duty 
cycle-to-current translators. 

Ibias = (Vref-2)/Rset = 3V/Rset 

The nominal value of Ibias should be between 0.25 and 
0.50 mA. 

Trajectory Multiplier/Amplifier 

The Trajectory Multiplier/Amplifier generates the optimal 
velocity output from the position-to-go input. The optimal 
velocity is the TRAJqut voltage relative to Vref- The input 
position is set by the duty cycle of the MSB and LSB-inputs. 

During an access operation, the actuator is first driven to 
maximum acceleration, and then into braking or decelera- 
tion. To minimize access times the trajectory curve (velocity 
vs position) during deceleration must be accurately con- 
trolled so that the head stops exactly on the desired track 
(without overshooting or undershooting). The head is driven 
to maximum acceleration until this braking curve is reached. 
Then the velocity is controlled to follow this optimal trajec- 
tory during deceleration. 

According to the theory for a second order system, time 
optimal access is achieved if the position is proportional to 
the square of velocity (P= KV2, or V= KP^/2). However, in the 
real system environment, this theory needs modification in 
two important areas. First, as shown in Figure 1, the slope of 
the trajectory at the origin (final position) is infinite for a pure 
square root function. This infinite slope would result in an 
infinite bandwidth servo loop. As a result, a first order linear 
term needs to be included which will reduce the slope of this 
curve near the origin. Second, at large velocity, the square 
root function is not quite optimal, due to non-zero actuator 
inductance. A higher order term to modify the curve in this 
region needs to be included. 

This trajectory curve, with its first, second, and third order 
terms is implemented with a multiplier in the feedback loop 
of an opamp (see Figure 2). The position input is a current 
which is a fraction of IbiaS/ as discussed in the trajectory DAC 
section below. The first order term is implemented with a 
feedback resistor (RK1) directly in the feedback path of the op 
amp. This transfer function of this I / V converter is expressed 
by VouT= RK1 * Ills]. The second order term comes from the 
multiplier. 

Iin = (Vout2/(2.25 Ibias *RX*RY)) 
With both terms together, 

... - ^OUT . Vqut^ 



The first order term dominates near the origin, and the sec- 
ond order term dominates, at higher velocities. 
The multiplier is modified by the addition of a resistor (RK3) 
which results in the third order term. This resistor is con- 
nected from RXA (pin 18) to either TRAJqut of Vref- As 
shown in Figure 3, the shape of the trajectory curve for large 
velocities can be adjusted in either direction from nominal, 
depending on which pins RK3 is connected between. It 
should be noted that the above equations are only approxi- 
mate. The actual multiplier transfer function is not a pure 
second order function, even with RK3 unconnected. The 
multiplier is designed to approximate the required trajectory 
for most typical servo systems. For most applications, very 
little correction with RK3 will be required. On the ML4404, 
an additional resistor (RYyos) equal to RY can be included 
which nulls the offset of the curve near the origin. 

Since the resistors Rset/ RKI, RX, RY, RK3, and RYyos are all 
external, any desired trajectory can be set. The constraints on 
these values are as of follows: 

VouTMAx<'i-5 * RX * Ibias 
VouTMAX>1-5 * RY * Ibias 

VoUTMAX<3.5V 

6k<RsET<12kforVREF = 5V 
Rfilt<RK1/10 

RfILT * CfilT2<RK1 * CcOMP 
RLOAD>10ktoVREF 

Vqutmax is the maximum trajectory output voltage (relative 
to Vref). 

Trajectory DAC 

The trajectory DAC creates, a position input for the trajectory 
multiplier. The position input is controlled by the duty cycle 
oftheTTL inputs MSB and LSB. For most applications the 
position information will be digitally encoded to 8-bit 
resolution — each code representing one track. Therefore, the 
full scale input of the trajectory curve is 255 tracks. The input 
current corresponding to this full scale is Ibias- 

Since the duty cycle of a single line is difficult to control to 
0.47o (1/256), the duty cycle to input current translator sec- 
tion is divided into 2 signals (MSB and LSB). As shown in 
Figure 4, the ratio between these two currents is 8/1. The 5 
lower order bits of code are modulated into the LSB input, 
and the 3 higher order bits into the MSB input. For example, 
a position input of 32 tracks would correspond to the MSB 
line always inactive, and the LSB line always active. 256 
tracks would be MSB always active, and the LSB always 
inactive. 1 track would be MSB always inactive, and LSB 1/32 
of the period active. 

In general for an 8-bit binary code D7 D6 D5 D4 D3 D2 D1 
DO where D7 is the high order bit, the active duty cycle for 
the MSB input is D7 D6 D5/8 and the active duty cycle for 
the LSB input is D4 D3 D2 D1 DO /32. For example 10100011 
(163 tracks) would be active 5/8 of a period on the MSB, and 
3/32 of a period on the LSB. 



RKI 



2.25 Ibias * RX * RY 
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AC Considerations ^Trajectory Amp/Multipiier 

The AC response of the trajectory output is primarily con- 
trolled by the external components Cfilti/ Cfilt2/ ^filT/ RKl/ 
and CcoMP ^^our parameters must be considered to deter- 
mine the values of these components. 

First, the value of RKT is set based on the bandu'idth of the 
servo loop. RK1 sets the gain of the trajectory function at the 
origin. As the system bandv^idth increases, more gain is re- 
quired near the origin, and the value of RK1 increases. 

Second, the exponential decay rate of the trajectory output 
during deceleration must be fast enough for the mechanical 
system to dominate the loop response. As the head ap- 
proaches the target track, the multiplier (2nd and 3rd order 
terms) becomes less significant, and the first order term domi- 
nates. In this region, the exponential decay is dominated by 
the RK1 * CcoMP product. This product should be set at a 
frequency which is a few times higher than that of the posi- 
tion loop bandwidth, so that the overall phase margin is not 
significantly degraded. 

Third, the filter components should be set such that the rip- 
ple from the trajectory DAC is minimized. Once the values 
for CcoMP and RK1 have been set, then the values of the 
remaining components, Cfilti/ Cfilt2/ and Rfilt/ can be de- 
termined. As the capacitance and resistance of these 
components increase the PWM ripple from the trajectory 
DAC is reduced. Due to the nonlinear nature of this circuit 
block, a mathematical analysis of the ripple is quite cumber- 
some, so the values of these components are best chosen 




LOGIC 
THRESHOLD 



Figure 4. 

empirically. The PWM ripple is dependent on Rfilt/ Cfilti/ 
Cfilt2/ as well as the duty cycle (50% duty cycle on the MSB 
will result in the largest ripple), and the frequency of modula- 
tion (the ripple is proportional to the square of the period). 

Fourth, the RfiltCfilt combination must be set such that the 
dynamic response of the trajectory output does not over- 
shoot during deceleration. Ideally, the RC combination 
should be set such that the system is critically damped to a 
maximum deceleration input. 

Note that a tradeoff exists between the ripple amplitude and 
the transient response. Too large a value of RfiltCfilt will 
cause an overshoot in the transient response, and a low rip- 
ple level. Too small a value will provide acceptable transient 
response, but a lar^e ripple amplitude. A range of values 
exists for most applications which results in acceptable per- 
formance for both ripple and transient response. 

Anticipate 

The function of the anticipate block is to modify the trajec- 
tory curve during acceleration. This compensates for the 
actuator inductance delay during the accelerate-to- 
decelerate transition. 

At the start of a access operation, the actuator is driven into 
acceleration. The actuator velocity increases until either the 
maximum velocity is reached, or the trajectory deceleration 
curve is reached. As shown in Figure 5, if the trajectory curve 
is reached first, then the actuator needs to be driven into 
deceleration so that the trajectory curve can be followed. 
This accelerate-to-decelerate transition requires that the 
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current in the actuator be reversed. Since this cannot happen 
instantaneously (due to actuator inductance), a phase shift 
results. The actuator will then overshoot the desired trajec- 
tory, and miss the target track. Hov^ever, if the curve can be 
modified (see Figure 5) such that the accelerate-to-decelerate 
transition begins before the nominal trajectory is reached, 
this overshoot problem can be eliminated. This function is 
implemented with a switched transconductance amp. Dur- 
ing acceleration (DECEL input low), the anticipate output 
becomes a voltage follower-the anticipate signal is identical 
to the TRAJouT signal. An external resistor from anticipate to 
TRAJiiM will modify the trajectory curve as required. During 
deceleration, the anticipate output becomes a high impe- 
dance and the normal trajectory curve is followed. 

In addition to the external resistor, an external capacitor to 
Vrep sets the anticipate decay time constant equal to the 
current reversal time for the actuator. 

Velocity Error Amplifier 

The function of this block is to subtract the desired velocity 
(from the trajectory output) with the actual velocity (from the 
servo controller) to create a velocity error output. This error 
output is multiplexed through the servo controller into the 
servo driver during access mode (see ML4403, ML4413 data 
sheet). 

Since the polarity of the velocity input from the ML4403, 
ML4413 is the opposite of the trajectory output polarity, the 
difference function is accomplished with a summing ampli- 
fier, as shown in the application diagram. The summing resis- 
tors and the feedback resistor are external. 

V/l Amp— Velocity Filter 

The function of this block is to create a low noise velocity 
input. The velocity error amp requires that a clean, noise-free 
velocity input be compared with the desired velocity (from 
the trajectory output) to create a velocity error signal. 

One way to create this velocity signal is to differentiate posi- 
tion. However, the differentiated signal will be noisy, and this 
noise can excite the mechanical resonances in the system. 
Another way to create velocity is to integrate acceleration. 
This eliminates the noise problem, however, the integrator 
DC accuracy will be poor due to the drift. 

The ML4404 uses both of these techniques to achieve 
a low noise tachometer function which will operate at 
low frequencies noise from the mechanical resonances 
is attenuated by the RC filter. The filter output is then 
summed with a current proportional to acceleration. 
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The V/l amp creates this current by monitoring the 
sense resistors in the bridge driver. The resulting 
transfer function has both a pole and a zero, and can 
be expressed by: 

Vqut ^ R*(M*RSB/(KF*KT*RSA))*S + 1 
V|N R*C*S + 1 

Where KT = The velocity transducer gain (from differentiator) 
KF = Motor force constant 
M = Total moving mass 

The above equation is a first order approximation which 
assumes that the, frictional components of the system (such 
as windage) are negligible. If the pole and zero are set to 
identical frequencies, then an all pass function is achieved. To 
do this, first, set the pole (W = 1/RC) at a frequency much 
lower than the mechanical resonances. Then set the scaling 
resistors, RSA, such that: 

RSA = M*RSB/(KF*KT*C) 
Note that setting a lower corner frequency results in 
increased dependence on the actuator current being an 
accurate representation of true acceleration. Some frictional 
terms and bias forces (such as flex cable force), as well as 
variations in KF, will distort this relationship. The lower limit 
on this corner frequency will be determined by these non 
ideal effects. 

Error Averaging 

The velocity error output should ideally be within a few milli- 
volts of Vref (near zero error) through the deceleration re- 
gion. However, due to manufacturing tolerances, this error 
will not be identical for each drive. The EMASqut ^nd ELAT- 
CHqut pins, allow this error to be nulled out for each indi- 
vidual system. 

During deceleration (DECEL input high) a transconductance 
amplifier is switched on (see Block Diagram) and the velocity 
error output is integrated through an external capacitor. This 
average velocity error is then compared with Vref and sent to 
ELATCHouT (TTL output). 
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During acceleration (DECEL input low) the amplifier is 
switched off (high impedance output) and the external ca- 
pacitor is discharged to Vref through an external resistor, in 
this condition, the TTL output, ELATCHouT/ 's held in its 
previous state. Since the velocity error during acceleration is 
not of interest, the ELATCHouT during acceleration is the sign 
of the average velocity error output at the end of the previous 
deceleration cycle. 

The processor can modify the velocity transducer gain 
based on the state of the ELATCHqut signal. During a 
power-up sequence, this transducer gain can be 
iteratively adjusted through several seek operations 
until the velocity error is minimized. As described 
below, one of the PWM to current translators on the 
ML4404 could be used to adjust this transducer gain. 

PWM To Current Translators 

The function of this block is to convert the duty cycle of a TTL 
input line to an analog output voltage. To optimize a complex 
servo control system, the manufacturing tolerances of some 
components must be accounted for. Traditionally, the manu- 
facturing process included an expensive sequence of mea- 
surement and adjustment to bring each individual unit within 
specification. A more cost effective solution is to perform 
these tasks through software control. 



The ML4404 implements this function with TTL to 
current translators. The external components RpwM 
and CpwM set the desired characteristics. The 
operation of these translators can be expressed by: 

VO = Vref+Ibias * RpWM * (2 * DUTY CYCLE/ 100-1) 
Thus for a 50% duty cycle, the output voltage equals the 
reference voltage. The output voltage increases linearly with 
the input duty cycle. 

The external capacitor (Crwm) should be made sufficiently 
large to smooth out the PWM ripple. 

The ML4404 has two translators. These stand-alone 
converters can be used for any purpose, but their 
intended functions are: 

1. To set the AGC reference voltage on the ML4401, 
ML4431 servo demodulator. 

2. To offset the position loop null location for data 
recovery (compensator inputs on the ML4403, 
ML4413 servo controller). 

3. To offset the access arrival point for the trajectory 
('sum node on the ML4404). 
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Figure 7. Typical External Component Connections 
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*NOTE THESE ARE TYPICAL VALUES ONLY AND MAY NOT BE OPTIMAL CHOICES. 
"NOTE- CIRCUIT DRAWN FOR ML4403CQ AND ML4404CQ VERSIONS. 
DIFFERENT PIN NUMBERS ARE USED ON OTHER VERSIONS 



Figure 8. Connecting the ML4403 to the ML4404 Trajectory Generator and the ML4402 Servo Driver 
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ORDERING INFORMATION 



PART NUMBER 


PACKAGE 


PIN COUNT 


TEMPERATURE 
RANGE 


ML4404YCQ 


PLCC 


28 PINS 


0°C to +70'»C 
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Disk Voice Coil Servo Driver 



GENERAL DESCRIPTrON 

The ML4406 is a voice coil power driver intended for 
use in Hard Disk servo systems. The ML4406 contains 
all power and control circuitry necessary to drive the 
voice coils of most 3.5" drives. In addition, power fail 
detection and head retraction functions are provided 
for orderly shut-down of the drive. 

The transconductance is programmed by a logic input 
at 1/4 A/V and 1/24 A/V respectively using a 1Q sense 
resistor. This allows for greater DAC resolution in 
digitally controlled servos during track follow without 
compromising dynamic range during seek. 

The retraction circuit, main drive cicruit, and control 
circuits are each powered from their own supplies. This 
allows maximum flexibility and provides for the lowest 
forward drop. 

The power fail detection circuit includes a precision 
2.5V bandgap reference with the option of either 



internally generated power-fail thresholds (ML4406) or 
open comparator inputs for adjustable thresholds 
(ML4407). 

The ML4406 is implemented using Micro Linear's 
bipolar array technology. This allows for easy customi- 
zation of the IC for a user's specific application. 

FEATURES 

■ 500mA power output with 1.5V total forward drop 

■ Low offsets, cross-over distortion and quiescent 
current 

■ Pin-programmable transconductance settings 

■ Retraction circuitry with programmable retract 
current, voltage limiting, and separate supply pin 

■ On-chip precision power fail detect circuitry 

■ Over-temperature protection with flag output 

■ Logic input available for disabling outputs 
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PIN CONFIGURATrON 



ML4406/ML4407 
20-Pin PCC 



RETRACT 
+12V 
DISABLE 



l(RET) SET [ 4 

HIGH/LiOw[ 5 

GND [ 6 

V(RET) [ 7 

R (SENSE) [ 8 




] 5V COMP 
] 12V COMP 
] REP 

] CONTROL- 
] CONTROL+ 



PWR GND B I I I PWR GND B 

OUTPUT+ I OUTPUT- 

PWR Vc 



PIN DESCRIPTION 



PIN NO. 



NAME 



FUNCTION 



1 RETRACT A logic "0" input causes the 

main outputs to tri-state and 
the retraction circuit to 
activate. This input also 
functions as a flag output and 
will go lov^ in the event of an 
over-temperature condition. 

2 +12V 12V power to the circuit and 

input to the power fail 
detection circuit. 

3 DISABLE A logic "1" turns off the main 

outputs. 

4 l(RET) SET The retract current is equal to 

200 X the current which flows 
out of this pin. This pin is 
driven with a .TV source. 

5 HIGH/LOW A logic "1" sets the trans- 

conductance gain to 1/4 while 
a logic "0" sets the gain to 
1/24. Transconductance gain is 
voltage across Rsense ^ the 
input voltage. 

6 GND Analog Signal Ground. 

7 V(RET) Power supply for the retract 

circuit. 

8 R(SENSE) Current sensing resistor 

terminal. 

9 PWR GND B Ground Terminal for power 

amplifier. 

10 OUTPUT+ Output terminal for bridge 

amplifier. 



PIN NO. 


NAME 


FUNCTION 


11 


PWR VC 


Power supply for bridge 
amplifier. 


12 


OUTPUT- 


Output terminal for bridge 
amplifier. 


13 


PWR GND A 


Ground Terminal for power 
amplifier. 


14 


CONTROL+ 


Positive input for current 
command. 


15 


CONTROL- 


Negative input for current 
command. 


16 


REF 


Reference input to the Power 
Fail comparator. Leave open to 
use internal 2.5V reference. 


17 


12V COMP 


Input to the Power Fail 



18 



19 
20 



5V COMP 



+5V 



Comparator. Connect to an 
external resistor divider for the 
ML4407 Internally connected 
to a resistor divider from 12V 
in the ML4406. 

Input to the Power Fail 
Comparator. Connect to an 
external resistor divider for the 
ML4407 Internally connected 
to a resistor divider from 5V 
in the ML4406. 



5V power supply terminal. 

POWER FAIL Open collector output drives 
low if pin 17 or pin 18 are 
below pin 16. Normally tied to 
pin 1. 
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OPERATING CONDmONS 

Temperature Range 0°C to 70°C 

Supply Voltage (PWR VC, +12V) 12V ± 10% 

+5V (Pin 19) 5V + 10% 

V(RET) (Pin 7) 2.5V to 16V 

\Control + Voltage Range (Pin 15 = 5V) OV to Vcc 

Control - Voltage Range 4V to 8V 



Absolute maximum ratmgs are those values beyond which the device 
could be permanently damaged. Absolute maximum ratings are 
stress ratings only and functional device operation is not implied. 



ABSOLUTE MAXIMUM RATINGS 

Supply Voltage (Pins 11, 13, 7, 2) 14V 

Voltage Pins 19, 18, 17, 16, 1, 3, 5 -.3V to +7V 

Pins H 15 -.3 to +Vcc 

Output Current +750mA 

Retraction Current 80mA 

Retract Set Current (Pin 4) 3mA 

Junction Temperature 150°C 

Storage Temperature Range -65°C to 150°C 

Lead Temperature (soldering 10 sec.) 260°C 

Thermal Resistance (^ja) 60*X:/W 



ELECTRICAL CHARACTERISTICS 

Unless otherwise specified, T^ = Operating Temperature Range, Vcc = ''2V, Rsense = 1^/ RcoiL = 15Q, 
CONTROL- (Pin 15) = 5V, Rset (Pin 4) = 1.2KQ. 



PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Amplifier 


Offset 








±10 


mA 


Gain 


Pin 5 = 2V 


238 


250 


263 


mA/V 




Pin 5 = 0.8V 


39.6 


41.7 


43.8 


mA/V 


Bandwidth 






100 




KHz 


Sinking Saturation 


louT = 100mA 






.6 


V 




louT = 300mA 






.8 






louT = 500mA 






1.0 




Sourcing Saturation 


louT = 100mA 






1.2 


V 




louT = 300mA 






1.3 






louT = 500mA 






1.5 




Retraction Circuit 


l(RET)SET 






.75 




V 


Turn On Time 






300 




ns 


Turn Off Time 






2 




ms 


l(RET) Current 


Pin 1 = 0.8V 


34 


50 


65 


mA 


Power Fail Detection Circuit 


Reference Voltage 




2.3 


2.48 


2.6 


V 


Reference Source Impedance 






2.25 




kO 


Comparator Bias Current 


ML4407 only, Pin 20 high 




50 


250 


nA 


Hysteresis Current 


Pin 20 low, ML4407 only 




10 




M 


Offset Voltage 


ML4407 only 






10 


mV 


12V Threshold 
Hysteresis 


ML4406 only 
ML4406 only 


9.5 


10 
120 


10.5 


V 
mV 


5V Threshold 
Hysteresis 


ML4406 only 
ML4406 only 


4.40 


4.575 
30 


4.75 


V 
mV 


Logic Inputs 


Voltage High (V|h) 




2 


1.4 




V 


Voltage Low (V|l) 






1.4 


.8 


V 


Current High (I|h) 


V|N = 5V 






±10 


//A 


Current Low (I|l) 


V,N = OV 


Except Pin 1 


-40 


-10 




M 




Pin 1 Only 


-250 


-160 




M 
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ELECTRICAL CHARACTERISTICS (Continued) 

Unless otherwise specified, T^ = Operating Temperature Range, Vcc = 12V, Rsense = 1^/ Rcoii '■ 
CONTROL- (Pin 15) = 5V, Rset (Pin 4) = 1.2kO. 



150, 



PARAMETER 


CONDITIONS 


MIN 


TVP 


MAX 


UNITS 


Current Consumption 


Pin 19 


'load = 




1 


2 


mA 


Pin 7 


Iret = 




1 


2 


mA 


Pin 2 + Pin 11 


•load = 




10 


15 


mA 





FUNCTIONAL DESCRIPTION 

POWER AMPLIFIER 

The ML4406 power amplifier circuit is set up as a 
Howland current source with a fixed gain of 1/4 or 1/24 
(set by driving pin 5 high or low respectively). This 
architecture yields minimal cross-over distortion while 
maintaining low output cross conduction currents. The 
gain figure refers to the ratio of input voltage to the 
output voltage seen across Rsense- For example, at a 1/4 
gain setting with V- input at 2.5 and the V+ input at 4.5V, 
+500mA would flow through the coil using a 10 sense 
resistor. Under the same conditions with pin 5 low, the 
current would be 83mA. The ability to change from low 
to high gain allows more complete utilization of DAC 
resolution when in the track follow mode. 



The output stage (Figure 2) is designed to provide 
minimal saturation losses and employs a "composite 
PNP" for the sourcing drive and a saturable NPN to sink 
current. Sourcing saturation drop is typically .9V while 
sinking saturation drop is typically < 0.4V. 




CONTROL+ R2 

\u\ wv k- 

CONTROL- 

[15] vvv f. 

R2 




Figure 2. Main Power Output Stage 



Figure 1. Power Amplifier Topology 
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Figure 3. Output Saturation Voltage vs. Output Current 
(Power Vc = 12V) 
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FUNCTIONAL DESCRIPTION (Continued) 
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Figure 4. Gain vs. Bandwidth 
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Figure 5. Total Harmonic distortion vs Frequency 
Low Gain Setting (VpiN 5 = 0), Rsense = '^^t V|n = 2.4Vp_p 
High Gain Setting (Vp,N 5 = 0), I%ense = 1^. V,n = 0.4Vp_p 



Power Fail Detect 

The ML4406 power fail detection circuit consists of a 
precision trimmed reference, resistor dividers, and an 
"or-function" comparator with hysteresis. The 10//A 
current sink on the comparator input lowers the 
comparator's positive input by 15mV when the output 
of the comparator is high. This creates an effective 
hysteresis of 30mV at the 5V input (on the ML4406). 
The amount of hysteresis and threshold levels can be 
programmed by external resistor dividers on the 
ML4407. The impedance of the external divider sets the 
amount of hysteresis while the division ratio sets the 
power fail threshold. The output at pin 20 is open- 
collector and is normally tied to pin 1 which is 
internally pulled-up to 5V. 

Retract 

The retract circuit features a current sink which is 
programmed via external resistor from pin 4 to ground 
(Rret)- The output of the retract circuit is voltage 
limited to 1.4V. The current sink provides an 
acceleration limit during retract while the voltage 
limited source provides a velocity limit. Pin 1 (Retract 
Input) also serves as a flag to indicate an over- 
temperature condition on the die. Pin 1 goes low in 
the event of over-temperature, which occurs when the 
die temperature exceeds a safe operating limit (about 
160°C). 

The retraction current is set by programming Rrej 
where Iretract = 200 x 1.4/Rret. The retract circuit 
works down to 3V on Vretract (P'i^ 7). 
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APPLICATIONS 



ADDRESS 
DECODE 



iJ 



MICRO- 
CONTROLLER 



WR 
XFER 



DB7 
GAINO 
GAIN 1 



Vcc 



Vref out 

Vref in 

Vzs 

VOUT 

AGND 
DGND 



+12V 
O 



■=■ 16 



+12V 



+5V 
PWR VC 
OUTPUT+ 
REP PWR GND A 

RSENSE 

ML4406 

CONTROL+ 

OUTPUT- 
CONTROL- 

PWR GND B 
DISABLE 

GND 



- V(RET) 



HIGH /LOW 

l(RET) SET 



+5V +12V 

9 Q 



SERVO 
COIL 



FROM 

MOTOR 

WINDINGS 



— VA — I 



Figure 6. Typical Application: ML4406 used with ML2341 8-bit DAC provides up to 12-bit effective resolution 



ORDERING INFORMATION 



PART NUMBER 


TEMPERATURE 
RANGE 


PACKAGE 


ML4406CQ 
ML4407CQ 


0°C to +70°C 
0°C to +70°C 


20-Pin MOLDED PCC 
20-Pin MOLDED PCC 
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Low Voltage Voice Coil Servo Driver 



GENERAL DESCRIPTION 

The ML4408 is a voice coil power driver intended for 
use in both High Performance 5V and 12V Hard Disk 
servo systems. The ML4408 contains all control 
circuitry necessary to drive the voice coils of most 
small drives. To maximize compliance voltage, the 
ML4408 includes two 1-Amp NPN drivers and provides 
drivers for external PNP transistors. In addition, power 
fail detection and a low voltage head retraction 
functions are provided for orderly shut-down of the 
drive. 

The transconductance programmed by a logic input at 
1/4 A/V and 1/24 A/V respectively, when using a 1Q 
sense resistor. This allows for greater DAC resolution in 
digitally controlled servos during track follow without 
compromising dynamic range during seek. 

The retraction circuit, main drive circuit, and control 
circuits are each powered from their own supplies. 
Retract Is self-contained for 12V systems but allows the 
use of an external PNP for 5V systems to allow 
retraction with as little as IV of t>ack EMF from the 
spindle. 



The power fail detection circuit includes a precision 
1.5V bandgap reference and a power fail comparator. 

The ML4408 is implemented using Micro Linear's 
bipolar array technology. This allows for customization 
of the IC for a user's specific application. 



FEATURES 

■ Low saturation voltage «1V at 1A) 

■ No cross-over distortion with low quiescent 
current 

■ Pin-programmable transconductance settings 

■ Retraction circuitry with programmable retract 
voltage and separate power pin operates to IV 

■ On-chip precision power fall detect circuitry 

■ Over-temperature protection with flag output 

■ Operates from single +5V or +12, +5V supplies 



BLOCK DIAGRAM 



+5V OR +12V 




. FROM 
-< SPINDLE 
MOTOR 



J3^ Micro Linear 



5-95 



ML4408 



PIN CONFIGURATION 



ML4408 
24-Pin SOIC 



VccCE 


1 


24 in 12V SENSE 


DISABLE (PWR DOWN) UL 


2 


23 


JJ RtlRACI 


HIGH/EDW UZ 


3 


22 


in POWER FAIL 


RETROUT CX 


4 


21 


in +5V 


RET SET CE 


5 


20 


in 5V SENSE 


GNDCX 


6 


19 


m COMP 2 


R(SENSE) n: 


7 


18 


33 COMP 1 


V(RET) CE 


8 


17 


-n CONTROL- 


SOURCE B d 


9 


16 


33 CONTROL+ 


PWR GND B CE 


10 


15 


m PWR GND A 


SINK B nz 


11 


14 


m SINK A 


SOURCE A n: 


12 


13 


m SINK A REF 



PIN DESCRIPTION 



PIN # 



NAME 



FUNCTION 



1 Vcc Supply input to power amplifiers. 

2 DISABLE A Logic "1" puts the IC into a low 
(PWR DOWN) power state and disables the 

power amplifiers. 

3 HIGH/LOW A logic "1" sets the 

transconductance gain to 1/4 
while a logic "0" sets the gain to 
1/24. Transconductance gain is the 

VrsENSE ^ VcONTROL- 

4 RETR OUT Open collector output which pulls 

low during retract. Used to drive 
external power transistor to 
source retract current to the coil 
and can provide a braking signal 
to spindle. 

5 RET SET External set resistor to establish a 

voltage limit for the internal 
retract driver. 

Analog signal ground. 

Current sense resistor terminal. 

Supply pin for retract circuits. 

PNP Base drive output for 
inverting power amplifier. 

10 PWR GND B Power return pin for inverting 

power amplifier. Normally used for 
current sensing. 

11 SINK B Current sinking output for 

inverting power amplifier. 
Connects to voice coil (-) terminal. 



6 


GND 


7 


R{SENSE) 


8 


V(RET) 


9 


SOURCE B 



PIN # 



NAME 



FUNCTION 



12 SOURCE A 

13 SINK A REF 

14 SINK A 

15 PWR GND A 

16 CONTROL+ 

17 CONTROL- 

18 COMP 1 

19 COMP 2 

20 5V SENSE 

21 +5V 

22 POWER FAIL 

23 RETRACT 

24 12V SENSE 



PNP Base drive output for non- 
inverting power amplifier. 

Kelvin sensing point for power 
amplifier. Connect to SINK A. 

Current sinking output for non- 
inverting power amplifier. 
Connects to voice coil (+) terminal. 

Power return pin for non-inverting 
power amplifier. Normally used for 
current sensing. 

Positive input for current 
command. 

Negative input for current 
command. 

Pin for external compensation 
capacitor. 

Pin for external compensation 
capacitor. 

Center node of a resistor divider 
from +5V. 

Input for +5V for power fail 
detection and logic power supply. 

Open Collector output drives low 
for low voltage conditions. 

A logic ''0" initiates retract. Also 
used as an open-collector over- 
temperature output flag. 

Input to the power fail 
comparator from a resistor divider 
from Vcc- 
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Sensorless Spindle Motor Controller 



GENERAL DESCRIPTION 

The ML4410 provides complete commutation for delta 
or wye wound Brushless DC (BLDC) motors without 
the need for signals from Hall Effect sensors. This IC 
senses the back EMF of the 3 motor windings (no 
neutral required) to determine the proper 
commutation phase angle using phase lock loop 
techniques. This technique will commutate virtually 
any 3-phase BLDC motor and is insensitive to PWM 
noise and motor snubbing. 

Included in the ML4410 is the circuitry necessary for a 
Hard Disk Drive microcontroller driven control loop. 
The ML4410 controls motor current with either a 
constant off-time PWM or linear current control driven 
by the microcontroller. Speed feedback for the micro 
is a stable digital frequency equal to the commutation 
frequency of the motor. All commutation is performed 
by the ML4410. Braking and Power Fail are also 
included in the ML4410. 

Two different start-up sequencing (minimum start-up 
time or minimum reverse rotation at start up) 
algorithms are supported by the ML4410. Since the 
timing of the start-up sequencing is determined by the 



micro, the system can be optimized for a wide range 
of motors and inertial loads. 

The ML4410 modulates the gates of external N-channel 
power MOSFETs to regulate the motor current. The IC 
drives external PNP transistors or P-channel MOSFETs 
directly. Special circuits are used to save base drive 
power at low load currents. 

FEATURES 

■ Back-EMF Commutation Provides Maximum Torque 
for Minimum "Spin-Up" Time for Spindle Motors 

■ Accurate, Jitter-Free Phase Locked Motor Speed 
Feedback Output 

■ Linear or PWM Motor Current Control 

■ Easy Microcontroller Interface for Optimized Start- 
up Sequencing and Speed Control 

■ Power Fail Detect Circuit with Delayed Braking 

■ Drives External N-Channel FETs and PNP's or 
P-Channel FETs 



BLOCK DIAGRAM 
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Cvco 
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PIN CONFIGURATION 



ML4410 
28-Pin PCC 

PNP2 GND KLIMIT) 
VcC2 I PNP1 I l(CMD) I BRAKE 



PNP3 [ 5 

COTA L 6 

OTA OUT [ 7 

OTA IN [ 8 

Nl [ 
N2 [ 
N3 [ 



1 28 27 26 



12 13 14 15 16 17 18 



LJLJLJLJLJLJLJ 

i(SENSE) I Cvco I RESET | ENAE 



Vcc 

PH3 

PH2 

PHI 

l(RAMP) 

RC 

+5V 



Cos 



vco 

OUT 



ENABLE E/A 
PWR FAIL 



PIN DESCRIPTION 

PIN # NAME 



12 
13 



14 
15 



FUNaiON 



GND 
PNP1 

PNP2 

Vcc2 
PNP3 

CoTA 
OTA OUT 



8 OTA IN 

Ml Nl NZ N3 



l(SENSE) 
Cos 

Cvco 
vco OUT 



Signal and Power Ground. 

Drives the external PNP power 
transistor driving motor PHI. 

Drives the external PNP power 
transistor driving motor PH2. 

12V power and power for the 
braking function. 

Drives the external PNP power 
transistor driving motor PH3. 

Compensation capacitor for 
linear motor current amplifier 
loop. 

Output of motor current error 
amplifier, normally connected to 
OTA IN or to external MOSFET 
gate. 

Driving voltage for N1-N3. 
Normally tied to OTA OUT 

Drives the external N-channel 
MOSFETs for PHI, PH2, PH3. 

Motor current sense input. 

Timing capacitor for fixed off- 
time PWM current control. 

Timing capacitor for VCO. 

Open Collector Logic Output 
from VCO. 



PIN # 



NAME 



FUNCTION 



16 


RESET 


17 


PWR FAIL 


18 


ENABLE E/A 


19 


+5V 


20 


RC 


21 


l(RAMP) 


22 


PHI 


23 


PH2 


24 


PH3 


25 


Vcc 


26 


BRAKE 


27 


KLIMIT) 


28 


l(CMD) 



Input which holds the VCO off 
and sets the ML4410 to the 
RESET condition. 

A "0" output indicates 5V or 12V 
is under-voltage. 

A "1" logic input enables the 
error amplifier and closes the 
back-EMF feedback loop. 

5V power supply input. 

VCO loop filter components. 

Current into this pin sets the 
initial acceleration rate of the 
VCO during start-up. 

Motor Terminal 1. 

Motor Terminal 2. 

Motor Terminal 3. 

12V power supply. Terminal 
which is sensed for power fail. 

A "0" activates the braking 
circuit. 

Sets the threshold for the PWM 
comparator. 

Current Command for Linear 
Current amplifier. 
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ABSOLUTE MAXIMUM RATINGS 

Absolute maximum ratings are those values beyond which the 
device could be permanently damaged. Absolute maximum 
ratings are stress ratings only and functional device operation 
is not implied. 

Supply Voltage (pins 4, 25) 14V 

Output Current (pins 2, 3, 5, 9, 10, 11) ±150mA 

Logic Inputs (pins 16, 17; 18, 26) -0.3 to TV 

Junction Temperature 150°C 

Storage Temperature Range -65°C to +150°C 



Lead Temperature (Soldering 10 sec) 150°C 

Thermal Resistance (5ja) 60°C/W 

OPERATING CONDITIONS 

Temperature Range O^C to +70°C 

Vcc Voltage +12V (pin 25) 12V ± 10% 

+5V (pin 19) 5V ± 10% 

l(RAMP) Current (pin 21) to 100/wA 

I Control Voltage Range (pins 27, 28) OV to 7V 



ELECTRICAL CHARACTERISTICS 

Unless otherwise specified, T^ = Operating Tennperature Range, Vcc = Vcc2 ' 
Cos = '02fj? 



12V, RsENSE = la CoTA = CvcO = .01//F, 



PARAMETER 



CONDITIONS 



MIN TYP MAX UNITS 



Oscillator (VCO) Section (Mode 1 or 2 unless otherwise specified) 



Sampling Amplifier 



Motor Current Control Section 



Power Fail Detection Circuit 



Logic Inputs 



Frequency vs. VpiN 20 


IV < Vp,N 20 ^ 10V 




300 




Hz/V 


Frequency 


Vvco = 6V 


1200 


1800 


2400 


Hz 




Vvco == -SV 


70 


140 


210 


Hz 


Reset Voltage at Cyco 


Mode = 




125 


250 


mV 



Vrc 


ModeO 




125 


250 


mV 


Irc 


Mode 1, Rramp = 39KO 


70 


100 


130 


M 




Mode 2A, VpH2 = 4V 


30 


50 


70 


M 




Mode 2A, VpH2 = 6V 


-15 


2 


+15 


M 




Mode 2A, VpH2 = 8V 


-30 


-50 


-70 


M 



l(SENSE) Gain 


VpiN 27 = 5V, OV < Vp,N 28 < 2.5V 


TBD 


5 


TBD 


V/V 


One Shot Off Time 




12 


25 


33 


fJS 


l(CMD) Transconductance Gain 






.19 




mmho 



12V Threshold 




9.1 


9.8 


10.5 


V 


Hysteresis 






150 




mV 


5V Threshold 




3.8 


4.25 


4.5 


V 


Hysteresis 






70 




mV 



Voltage High (V|h) 




2 






V 


Voltage Low (V|l) 








.8 


V 


Current High (I|h) 


V,N = 2.7V 


-10 


1 


10 


M 


Current Low (I|l) 


V,N = 0.4V 


-500 


-350 


-200 


M 
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ELECTRICAL CHARACTERISTICS (Continued) 

Unless otherwise specified, Ta = Operating Temperature Range, Vcc = Vcc2 = 12V, Rsense ' 
Cos = .02a^F 



10, CoTA = Cvco = .01//F, 



PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Outputs 


l(CMD) = l(LIMIT) = 2.5V 










IpNP Low 




50 


75 


100 


mA 


IpNP High 


Off State 


-100 




100 


M 


Vn High 


VpiN 8 = 10V 


9.7 


10 


10.3 


V 


Vn Low 






.2 


.7 


V 


Av Pin 8 to Vn 


VpiN 8 = 6V 


.95 


1 


1.05 


v/v 


LOGIC Low 


Iqut = 0.5mA 






.4 


V 


LOGIC louT High 






5 




M 


Supply Currents 


(N and PNP Outputs Open) 










5V Current 






2 


4 


mA 


Vcc Current 






38 


50 


mA 


Vcc2 Current 






4 


10 


mA 



FUNCTIONAL DESCRIPTION 

The ML4410 provides closed-loop commutation for 3- 
phase brushless motors. To accomplish this task, a VCO, 
Integrating Back-EMF Sampling error amplifier and 
sequencer form a phase-lqcked loop, locking the VCO 
to the back-EMF of the motor. The IC also contains 
circuitry to control motor current with either linear or 
constant off-time PWM modes. Braking and power fail 
detection functions are also provided on chip. The 
ML4410 is designed to drive external power transistors 
(N-channel MOSFET sinking transistors and PNP 
sourcing transistors) directly, and contains a special 
circuit to reduce PNP base currents when output 
current demand is reduced. 

Start-up sequencing and motor speed control are 
accomplished by a microcontroller. Speed sensing is 
accomplished by monitoring the output of the VCO, 
which will be a signal which is phased-locked to the 
commutation frequency of the motor. 

START-UP SEQUENCING 

When the motor is initially at rest, it is generating no 
back-EMF. Because a back-EMF signal is required for 
closed loop commutation, the motor must be started 
"open-loop" until a velocity sufficient to generate some 
back-EMF is attained (around 100 RPM). 

Two modes are possible for starting the motor. For the 
lowest possible starting time, the chip is held in the 
reset (mode R) state by holding pin 16 low and 
providing full current to the motor (figure la). 



Step 


Pin 
16 


Pin 
18 


Pin 
21 


KLIMIT) 
KCMD) 


1 








Fixed 


•max 


2 


1 





Fixed 


■max 


3 


1 


1 





•max 



Figure la. Minimum Time Start-Up Sequence 

Step 1: The IC is held in reset (mode R) with full 

power applied to the windings (see figure 4). 
This aligns the rotor to a position which is 30° 
(electrical) before the center of the first 
commutation state. 

Step 2: A fixed current is input to pin 21 and appears 
as a current on pin 20, and will accelerate the 
motor at a fixed rate. 

Step 3: When the motor speed reaches about 100 RPM, 
the back-EMF loop can be closed by pulling 
pin 18 low. 

Using this technique, some reverse rotation is possible. 
The maximum amount of reverse rotation is 360/N, 
where N is the number of poles. For an 8 pole motor, 
45° reverse rotation is possible. 

The second technique minimizes inital reverse rotation, 
at the expense of spin-up time. This technique (figure 
lb) establishes a fixed low-frequency rotation on the 
motor and slowly ramps the current to the motor. 
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Step 1: Reset Is held low briefly (10//s) to initialize the 
internal logic. 



Step 


Pin 
16 


Pin 
18 


Pin 
21 


KUMIT) 
KCMD) 


1 








X 





2 


1 





1 





3 


1 








RAMP to Imax 


4 


1 





1 


Imax 


5 


1 


1 





Imax 



Figure lb. Minimum Reverse Rotation Start-Up Sequence 

Step 2: A low frequency rotational field is established 
with current commanded. To establish the 
low frequency, inject a current (via a resistor 
connected to the microcontroller output port) 
Into pin 21 and monitor the VCO OUT (pin 15) 
frequency. 

Step 3: When the desired frequency is reached, set the 
current into pin 21 to 0, and begin to ramp the 
motor current by slowly Increasing the current 
command (pins 27 or 28). 

Step 4: After full current is reached, inject some current 
into pin 21 to Increase the frequency. 

Step 5: The back-EMF feedback loop can then be 
closed when the motor speed is sufficient. 

Some small amount of reverse rotation is still possible 
with this starting method. 



SPEED CONTROL — CURRENT LOOP 

To facilitate speed control, the ML4410 includes two 
current control loops — linear and PWM (figure 2). The 
linear control loop senses the motor current on the 
l(SENSE) terminal through Rsense- A" internal current 
sense amplifier's output modulates the gates of the 3 
N-channel MOSFET's when OTA OUT is tied to OTA IN, 
or can modulate a single MOSFET gate to control 
current. 

The ML4410 also includes a current mode constant off- 
time PWM circuit. When motor current builds to the 
threshold set on l(LIMIT) input (pin 27), a one-shot is 
fired whose timing Is set by Cos- The current in the 
motor will be controlled by the lower of pin 27 and 
pin 28. 

The motor's source transistor drivers are open-collector 
NPN's with internal 50KO pull-up resistors, whose 
current is controlled according to the current 
demanded through the motor. To conserve power, the 
ML4410 sets the current to PNP1, PNP2, and PNP3, 
proportional to the lower of pin 27 and pin 28. 

Drivers N1 through N3 are totem-pole outputs capable 
of sourcing and sinking 10mA. Switching noise in the 
external MOSFETs can be reduced by adding resistance 
in series with the gates. 

BRAKING 

Applying a on pin 26 activates the braking circuit. 
The brake circuit turns on PNP1 through PNP3 and 
turns off NPN1 through NPN3. 



VcC2| \W 




Figure 2. Current Control and Output Drive 
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BACK-EMF SENSING AND COMMUTATOR 

The ML4410 contains a patented back-EMF sensing 
circuit which samples the phase which is not energized 
to determine whether to increase or decrease the 
commutator (VCO) frequency. A late commutation 
causes the error amplifier to charge the integrator (RC) 
on pin 20, increasing the VCO input while early 
commutation causes pin 20 to discharge. C1 and R1 



provide the basic integration time constant for the 
motor/commutator phase lock loop while C2 is a noise 
filter. Larger inertial loads will require larger values of 
R1 and CI. These values are best determined 
empirically. Analog speed control loops can use pin 20 
as a speed feedback voltage. 



STATE 


OUTPUTS 


INPUT 
SAMPLING 


N1 


N2 


N3 


PNP1 


PNP2 


PNP3 


R or 


OFF 


ON 


OFF 


ON 


OFF 


ON 


N/A 


A 


OFF 


OFF 


ON 


ON 


OFF 


OFF 


PH2 


B 


OFF 


OFF 


ON 


OFF 


ON 


OFF 


PH1 


C 


ON 


OFF 


OFF 


OFF 


ON 


OFF 


PH3 


D 


ON 


OFF 


OFF 


OFF 


OFF 


ON 


PH2 


E 


OFF 


ON 


OFF 


OFF 


OFF 


ON 


PH1 


F 


OFF 


ON 


OFF 


ON 


OFF 


OFF 


PH3 



Figure 3. Commutation State Table 




Figure 4. Start- Up Timing and Mode Sequencing 
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Figure 5. VCO Output Frequency vs Vyco (P'" 20) 
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Figure 6. I(LIMIT) Output Off-Time vs Cqs 
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Figure 7. Available PNP Drive Current vs l(CMD) Input 



APPLICATIONS 

Figure 8 shows a typical application of the ML4410 in a 
hard disk drive spindle control. Although the timing 
necessary to start the motor in most applications would 
be generated by a microcontroller, Figure 9 shows a 
simple "one shot" start-up timing approach. 

Speed control can be accomplished either by: 

1. Sensing the VCO OUT frequency with a 
Microcontroller and adjusting l(CMD) via an analog 
output from the Micro (PWM DAC). 

2. Using analog circuitry for speed control (Figure 10). 

Q1, Q2, and Q3 are MJE210 or equivalent. Q4, Q5, and 
Q6 are IRFU010 or equivalent. Base resistors (100O) are 
included to reduce power dissipation in the IC during 
start-up. If requested currents are low, these can be 
eliminated. Switching transients due to commutation 
can be reduced by increasing the 4700 gate resistors 
on Q4-Q6. 



VCC2 




<^ RESET (FROM MICRO) 
> VCO OUT 



Figure 8. ML4410 lypical Application 



Ji^ Micro Linear 



5-103 



ML4410 



FROM ML4410 >v M- 

PIN 17 ^^ '^ 




Figure 9. Analog Start-Up Circuit 



FROM ML4410 \\. 
PIN 20 // 




R4 
V/V- 



Symbol 


Value 


V A1 


LM358 


Q1 


74HC14 


D1, D2 


1N4148 


R1 


1MO 


R2 


1M0 


R3 


100KO 



Symbol 


Value 


R4 


100KO 


R5 


50KO 


R6 


50KQ 


C1 


3.3/iF 


C2 


3.3/yF 


C3 


.47ywF 



Figure 10. Analog Speed Control 



ORDERING INFORMATION 



PART NUMBER 


TEMPERATURE 
RANGE 


PACKAGE 


ML4410CQ 


0°C to +70°C 


28-Pin Molded PCC 
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ML4415, ML4415R 
ML4416, ML4416R 



15 Channel Read/Write Circuit 



GENERAL DESCRrPTION 

The ML4415, ML4416 devices are bipolar monolithic 
read/write circuits designed for use with fixed disk 
ferrite center-tapped recording heads. They provide a 
low noise read path, write current control, and data 
protection circuitry for all channels. 

These multiplexed read/write data channels exhibit 
features not found' in similar read/write circuits such as 
improved write current stability and elimination of 
write current "glitches" during power up. 

The ML4416 has fourteen read/write data channels and 
a chip select pin. The chip select pin allows additional 
read/write circuits in the system by enabling or 
disabling a particular chip. The ML4415 has fifteen 
read/write data channels and no chip select pin. 

The ML4415R and ML4416R versions include on-chip 
damping resistors. 



FEATURES 

■ Write current disable during power up 

■ Enhanced write current stability 

■ Designed for center-tapped ferrite heads 

■ ML4415 provides 15 read/write channels 

■ ML4416 — easily multiplexed for larger systems 

■ Includes write unsafe detection 

■ TTL compatible control signals 

■ Programmable write current source 

■ +5V, +12V power supplies 
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Vdd VccGND 



IJl 



WRITE 

UNSAFE 

DETECTOR 




MODE 
SELECT 



r 



Vct 



CENTER 

TAP 
DRIVER 




READ 
PREAMP 



— T^-^ 

WRITE ^ 

DRIVER ^/^ 



VOLTAGE 

FAULT 
DETECTOR 



WRITE 
CURRENT 
SOURCE 



HSO O- 
HS1 O- 
HS2 < 



«g8: 



- HOX 
-HOY 

- H1X 

- H1Y 

- H2X 
-H2Y 
-H3X 

- H3Y 

- H4X 

- H4Y 

■ H5X 

- H5Y 

- H6X 

- H6Y 
-H7X 
-H7Y 
-H8X 
-H8Y 

- H9X 

- H9Y 

■ H10X 

- HlOY 

- H11X 

- H11Y 

- H12X 

- H12Y 

- H13X 

- H13Y 

- H14X** 

- H14Y** 



' ML4416 ONLY 
* ML4415 ONLY 



© Micro Linear 1990 

j^lll^ Micro Linear is a registered trademark 

of Micro Linear Corporation 
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PIN CONNECTIONS 



ML4415CQ, ML4415RCQ 
44-Piii PCC 



ML4416CQ, ML4416RCQ 
44-Pin PCC 



H4X H3X H2X HlX HOX 
H4Y I H3Y I H2Y | HIV | HOY | GND 

r-ii-ir-ii—tr-irnr-ir-ir-imr-i 



H5X[ 7 

H5y[ 8 

H6X[ 9 

H6y[ 10 

H7X[ 11 

H7Y[ 12 

H8X[ 13 

H8y[ 14 

H9X[ 15 

H9Y[ 16 

H10X[ 17 



1 44 43 42 41 40 




39 


]r/w 


38 


]wc 


37 


]rdy 


36 


]rdx 


35 


]hso 


34 


]hsi 


33 


]hS2 


32 


]hS3 


31 


]vcc 


30 


]WDI 


29 


]wus 



18 19 20 21 22 23 24 25 26 27 28 



LJJI II II II II II 11 II II II I 

H10Y I H11Y I H12Y I H13Y i H14Y | Vdd 
H11X H12X H13X H14X Va 



H5X[ ; 

H5Y[ 8 

H6X[ 9 
H6Yf 



H7X| 
H7Y| 
H8X| 
H8Y| 
H9X| 
H9Y| 
H10X I 



H4X H3X H2X H1X HOX 

H4Y I H3Y I H2Y | H1Y | HOY | GND 

^nnmnnrinnnnn 

6 5 4 3 2 1 44 43 42 41 40 



19 20 21 22 23 24 25 26 27 28 



LJLJLJLJLJLJLJI— ILJLJLJ 
H10Y I H11Y I H12Y | H13Y | Vcr I WUS 



39 ]CS 
38 ] R/W 
37 ] WC 
36 ] RDY 
35 ] RDX 
34 ] HSO 
33 ] HS1 
32 ] HS2 
31 ]hS3 
30 ] Vcc 
29 ] WDI 



H12X H13X NC 
TOP VIEW 



Vdd 



PIN DESCRIPTION 



NAME 



FUNCTION 



HS0-HS3 Head Select (14 heads for the ML4416, 
and 15 heads for ML4415). 

CS Chip Select (low level enables, ML4416 

only) 

R/W Read/Write (high level select Read 

Mode) 

WUS Write Unsafe, open collector output 

(high level indicates an unsafe writing 
condition) 

WDI Write Data In (negative transition 

toggles head current direction) 



NAME 


FUNCTION 


H0X-H14X 


X head connections 


H0Y-H14Y 


Y head connections 


RDX, RDY 


X, Y Read Data (differential read signal out) 


WC 


Write Current (used to set the write 
current magnitude) 


VcT 


Voltage Center Tap (center tap voltage 
source) 


Vcc 


+5 volts 


Vdd 


+12 volts 


GND 


Ground 
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ABSOLUTE MAXIMUM RATINGS 

(Note 1) 

Power Supply Voltage Range 

VddI -0.3 to 14Vdc 

Vdd2 -0.3 to 14Vdc 

Vcc -0.3 to 6Vdc 

In put Voltage Range 

Digital Inputs (CS, R/W, HS, WDI) . . . -0.3 to Vcc +0.3Vdc 

Head Ports -0.3 to VqdI +0.3Vdc 

Write Unsafe (WUS) -0.3 to 14Vdc 

Write Current dw) 60mA 

Output Current 

Read Data (RDX, RDY) -10mA 

Center Tap Current (Icj) -60mA 

Write Unsafe (WUS) 12mA 

Storage Temperature -65°Cto 150°C 

Junction Temperature (Tj) 135°C 

Lead Temperature (Soldering 10 sec.) 300°C 



OPERATING CONDITIONS 



Supply Voltage 

VddI 12V±107o 

Vcc 5V±107o 

Head Inductance 

Lh 5 to 15//H 

Damping Resistor (Rd, ML4415R or ML4416R) . . 500 to 2000O 

RCT Resistor (1/4 Watt) 120Q±57o 

Write Current dw) 10 to 40mA 



ELECTRICAL CHARACTERISTICS 

Unless otherwise specified VddI =Vdd2 = 12V±10%,Vcc=5V ±10%, RcT=120Q±57oJvv=40mA,0°C<TA<70°C 
(Notes 2 and 3). 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


DC OPERATING CHARACTERISTICS 


POWER SUPPLY 


Ice 


Vcc Supply Current 


Read or Idle Mode 




31 


35 


mA 




Write Mode 




26 


30 


mA 


■dd 


Vdd Supply Current 


Read Mode 




29 


35 


mA 




Write Mode 




17-Hw 


20+lw 


mA 




Idle Mode 




17 


20 


mA 


Pd 


Power Dissipation 


Read Mode 




550 


655 


mW 




Write Mode lw=40mA, 
RcT=OQ 




890 


960 


mW 




Idle Mode 




378 


455 


mW 


DIGITAL INPUTS (CS, R/W, HS, WDI) 


V,H 


High Voltage 




2 






Vdc 


V,L 


Low Voltage 








0.8 


Vdc 


l|H 


High Current 


V,H = 2.0V 






100 


mA 


l|L 


Low Current 


V,L=0.8V 


-0.4 






mA 


WUS OUTPUT 


Vol 


Output Low Voltage 


loL= 8 mA (Safe) 






0.5 


Vdc 


Iqh 


Output High Current 


VoH = 5 V (Unsafe) 






100 ^ 


ixA 


CENTER TAP VOLTAGES 


VCT 


Read Mode 


Read Mode 




4 




Vdc 


Vct 


Write Mode 


Write Mode 




6 




Vdc 
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ELECTRrCAL CHARACTERISTICS (Continued) 

Unless otherwise specified Vdd1 = 12V ± 10%, Vcc = 5V ± 10%, Rct = 120O 
Rd = 750Q (ML4415, ML4416), foATA = 5MHz, Cl (RDX, RDY) < 20pF, 0°C < Ta 
(V|N is referenced to Vct for Read Mode Characteristics). 



± 5%, iw = 35mA, Lh 
< 70°C (Notes 2 and 



= 10/wH, 

3) 



SYMBOL 



PARAMETER 



CONDITIONS 



MIN 



TYP 



MAX 



UNITS 



WRITE MODE CHARACTERISTICS 



'hcw 


Head Current (per side) 


Write Mode 

0<Vcc<3.7V 

0<Vdd1<8.7V 


-200 


0.15 


200 


mA 


'WR 


Write Current Range 


lw==K/Rwc 


10 




40 


mA 


K 


Write Current Constant 




2.375 


2.5 


2.625 




Vhd 


Differential Head Voltage Swing 




7.0 


10.2 




VPK 


'hu 


Unselected Head Transient 
Current 








2 


mApK 


Cod 


Differential Output Capacitance 






8.8 


15 


PF 


Rod 


Differential Output Resistance 


ML4415, 4416 


10 k 






Q 




Tj = 25°C ML4415R, 4416R 


600 




960 


Q 


^WDI 


WD! Transition Frequency 


WUS = Low 


250 


490 




kHz 


A, 


Iwc to Head Current Gain 






0.99 




mA/mA 


II 


Unselected Head Leakage 


Sum of X & Y Side Leakage Current 






65 


mA 



READ MODE CHARACTERISTICS 



Av 


Differential Voltage Gain 


V|N = 1mVp.p@300kHz, 
RL(RDX,RDY) = lkQ 


85 


106 


115 


v/v 


DR 


Dynamic Range 


DC Input Voltage (V,) Where Gain Falls 10%, 
V,N = V, -hO.5 m Vp.p @ 300 kHz 


-3 


±7 ' 


+3 


mV 


BW 


Bandwidth (-3dB) 


|Zsl<5Q,V,N = lmVp.p 


30 


40 




MHz 


eiN 


Input Noise Voltage 


BW=15MHz, Lh=0, Rh=0 




1.2 


1.5 


nV/\/Hz 


C,N 


Differential Input Capacitance 


f=5MHz 




14 


20 


pF 


R|N 


Differential Input Resistance 


f = 5MHz, Tj = 25°C ML4415, 4416 
V,N = 6mVp_p ML4415R, 4416R 


2k 


15K 




Q 




460 




860 


Q 


'hcr 


Head Current (per side) 


Read or Idle Mode 

0<Vcc<5.5V 

0<Vdd1<13.2V 


-200 




200 


mA 


'in 


Input Bias Current side) 






8.5 


45 


mA 


CMRR 


Common-Mode Rejection Ratio 


VcM = Vct +100 mVp.p @ f = 5 MHz 


50 


77 




dB 


PSRR 


Power Supply Rejection Ratio 


lOOmVp.p @ 5MHz on Vpol Vdd2, or Vcc 


45 






dB 


CS 


Channel Separation 


Unselected Channels: 
V|N = 100mVp.p@5MHz 
and Selected Channel: 
V,N=OmVp.p 


45 


57 




dB 


Vqs 


Output Offset Voltage 


Read Mode 


-460 


±29 


+460 


mV 




Write or Idle Mode 


-20 


±1 


+20 


mV 


VocM 


Common-Mode Output Voltage 


Read Mode 


4.5 


5.5 


6.5 


V 




Write or Idle Mode 




5.6 




V 


Rout 


Single-Ended Output Resistance 


f=5MHz 






30 


Q 


•l 


Leakage Current, RDX, RDY 


(RDX, RDY) = 6 V Write or Idle Mode 


-100 


±15 


100 


mA 


lo 


Output Current 


AC Coupled Load, RDX to RDY 


±2.1 


±2.7 




mA 
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ELECTRICAL CHARACTERISTICS (Continued) 

Unless otherwise specified VddI = 12V ± 10%, Vcc = 5V ± 10%, Rct = 120n ± 5%, Iw = 35mA, Lh = lO/uH, 
Rd = 750n (ML4415, ML4416), foATA = 5MHz, 0">C < Ta < /CC (Notes 2 and 3) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


SWITCHING CHARACTERISTICS 


tRW 


R/ W to Write Switching Delay 


To 90% of Write Current Output 




.105 


1 


MS 


tWR 


R/W to Read Switching Delay 


To 90% of lOOmV, 10 MHz Read Signal 
Envelope or to 90% Decay of 
Write Current 




.036 


1 


MS 


or 

tlR 


CS to Select Switching Delay 


To 90% of Write Current or to 90% of 
100 mV, 10 MHz Read Signal Envelope 




.165 


1 


MS 


twi 
or 

tRI 


CS to Unselect Switching Delay 


To 90% Decay of 100 mV, 10 MHz Read 
Signal Envelope or to 90% Decay of Write 
Current 




.084 


1 


MS 


tHS 


Head Select Switching Delay 


To 90% of 100 m V, 10 MHz Read Signal 
Envelope 




.045 


1 


MS 


tDI 


Safe to Unsafe 
Write Unsafe Delay 


lw = 35mA 


1.6 


3.9 


8 


us 


tD2 


Unsafe to Safe 
Write Unsafe Delay 


lw=35mA 




.387 


1 


us 


tD3 


Prop. Delay Head Current 


Lh =0, Rh =0 From 50% points 




23 


25 


ns 




Asymmetry Head Current 


WDI has 50% Duty Cycle and 1 nS Rise/ Fall 
Time 




0.9 


2 


ns 




Rise/Fall Head Current 


10% and 90% Points 




5 


20 


ns 



Note 1: Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 

specified are measured with respect to ground. 

Note 2: Limits are guaranteed by 100% testing, sampling, or correlation with worst-case test conditions. 

Note 3: Maximum junction temperature (Tj) should not exceed 135°C. 



TIMING DIAGRAM 




Write Mode Timing Diagram 
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FUNCTIONAL DESCRIPTION 

GRCUIT OPERATION 

For any selected head, the ML4415/4416 functions as a 
read amplifier when in the Read mode, or as a write 
current switch wheh in the Write mode. Pins HSO, HS1 
and HS2 determine head selection while pin R/W 
controls the Read/Write mode. A detected "write- 
unsafe" condition is indicated by pin WUS. 

READ MODE 

When the ML4415, 4416 is in the Read Mode, it 
operates as a low-noise differential amplifier on the 
selected channel. In Read mode the write data flip-flop 
is set and both the write unsafe detector and the write 
current source are deactivated. The center tap voltage 
is also lowered. Pins RDX and RDY provide differential 
emitter follower outputs which are in phase with the 
X and Y head input pins. 

Note that during the Read or Chip Deselect mode the 
internal write current is deactivated, thus making 
external write current gating unnecessary. 

WRITE MODE 

The ML4415, 4416 operates as a write-current switch 
when in the Write mode. Write current magnitude is 
determined by the following relationship: 

Iw = K/Rwc 

Where: K = Write Current Constant 

l^wc = Resistance connected between pin WC 
and GND. 

The head current is toggled between the X and Y side 
of the selected head by a negative transition WDI 
(Write Data Input). When switching the ML4415, 4416 to 
write mode, the WDFF (Write Data Flip-Flop) is 
Initialized to pass write current through the X-side of 
the head. 

The ML4415, 4416 exhibit enhanced write current 
stability, compared to similar read/write circuits, which 
reduces the problem of oscillation. This is a result of 
increased internal write current compensation. Also, 
write current "glitches" during power-up, common in 
similar read/write circuits, are eliminated with an 
exclusive write current disabling function. 

The WUS (Write Unsafe) pin is an open collector 
output that gives a logic high level for any of the 
following unsafe write conditions: 

• Open head 

• Open head center-tap 

• Too low WDI frequency 

• Read mode selected 

• Device not selected 

• No write current 

Two negative transitions on WDI are required to clear 
WUS after the fault condition is removed. 

The ML4415, 4416 also offers a voltage fault detection 
circuit that prevents write current during power-loss or 
power- up. 



Table 1. 



Head Select 



HS3 


HS2 


HSl 


HSO 


HEAD 














HO 













HI 












H2 












H3 





1 







H4 





1 







H5 





1 






H6 





1 






H7 












H8 












H9 











H10 











H11 




1 







H12 




1 







H13 




1 


1 





H14* 



* ML4415 only 

= Logic Level Low 

1 = Logic Level High 
X = Don't Care 

Table 2. 



** ML4416 only 

= Logic Level Low 

1 = Logic Level High 
X = Don't Care 



Mode Select 



cs** 


R/W 


MODE 








Write 





1 


Read 


1 


X 


Idle 
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TYPICAL APPLICATION 



+5V +12V 



MICROPROCESSOR 

AND 

CONTROL LOGIC 



* ML4416 ONLY 



WRITE DATA INPUT - 
READ DATA OUTPUT 



(3) 



^RCT(l) 



VCC VdDI VdD2 Vct 

HOX 



WUS 
R/W 
CS* 



HSO 
HSl 
HS2 
HS3 



HOY 
HIX 



H1Y 
H2X 



ML4415R 
ML4416 
ML4416R 



WD I 
RDX 
RDY 



GND HNY 



RD>(4)<»-3 i 



J' 



:i 




READ/WRITE 
HEADS 



NOTES: 

1. RCT is optional and is used to limit internal power dissipation 
(Otherwise connect VdoI to Voo2). 

RCT (1/2 Watt) = 120 (40/lw) ohms 
where iyy = Write Current, in mA 

2. Ferrite head optional: used to suppress write current overshoot 
and ringing. Recommend Ferroxcube 3659065/4A6. 

3. RDX and RDY load capacitance 20pF maximum. RDX and RDY 
output current must be limKed to lOOAfA. 

4. Damping resistors not required on ML4415R, 441 6R. 
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ORDERING INFORMATION 


PART NUMBER 


PACKAGE 


NUMBER OF CHANNELS 


ML4415CQ 
ML4415RCQ 


44-Lead PCC 
44-Lead PCC 


15 
15 


ML4416CQ 
ML4416RCQ 


44-Lead PCC 
44-Lead PCC 


14 with CS 
14 with CS 




THERMAL CHARACTERISTICS 


PIN COUNT 


PACKAGE 


eiA 


44-Lead 


PCC 


60°C/W 
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Zoned Bit Recording Circuit 



GENERAL DESCRIPTION 

The ML4417/27 is a bipolar monolithic integrated 
circuit that simplifies the design of zoned bit recording 
systems in hard disk drives. It contains a VCO capable 
of operating at frequencies up to 95 MHz, a charge 
pump, and the active electronics required for a loop 
filter to form a variable rate data encoding and 
decoding system. 

The ML4417/27 also includes a code clock output and 
the dividers required for an interface clock output 
whose frequency is equal to the code clock output 
frequency divided by 1.5. This feature simplifies the use 
of RLL (1, 7) coding for improved storage density. 

In addition, the ML4417/27 includes two uncommitted 
ECL to TTL level translators to simplify interfacing with 
TTL-based systems. The ML4417/27 is designed for 
operation from 12V and 5V supplies, but may be 
operated from a single 5V supply if desired. 

The ML4417 has TTL-compatible logic input levels on 
the charge pump, and the ML4427 has a charge pump 
control input, which, when driven by a CMOS tri-state 
output, eliminates one logic interface line to the 
circuit. 



FEATURES 

■ Wide VCO Range (3:1 Range to 95 MHz) 

■ Allows RLL (1, 7) or (2, 7) Encoding 

■ SO-16 (Narrow) Packaging 

■ Coarse and Fine VCO Control Inputs 

■ Two Uncommitted ECL to TTL Converters 

■ 12V, 5V or Single 5V Operation 



BLOCK DIAGRAM 



VC2 (5 OR 12V) 



QIN2= 



QIN1- 



,*_5 



LOOPFLTR (FINE, V3) - 



INTCAP (COARSE, V2) - 




KF1 = 1/10 (TYP) 



Vref = 
Vc2/2 - 




Vcc (5V) 
.21 



ECL TO TTL 
CONVERTER 



ECL TO TFL 
CONVERTER 



3~v 



KF2 = 1 (Vc2 > Vcc + 4V) 
KF2 = 2.5 (Vc2 < Vcc + 2V) 



' CHARGE PUMP INPUT LOGIC LEVELS: 

ML4417 — TTL COMPATIBLE, ML4427 - CMOS TRI-STATE 



- CODECLK (ECL) 



- INTCLK (TTL) 



Vd CAPA 



1 

GND 
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PIN CONNECTIONS 



ML4417, ML4427 
SOIC-16 (Narrow) Package 



OSCTPCrE 


71 


16 


3E3 CODECLK (ECL) 


INTCAP (COARSE) UL 


2 


15 


m ECLIN1 


LOOPFLTR (FINE) dE 


3 


14 


invci 


Vc2 (5 TO 12V) OE 


4 


13 


IDCAPA 


QIN2 ni: 


5 


12 


m vcc (5V) 


QIN1 OE 


6 


11 


inCND 


ECLIN2 OE 


7 


10 m INTCLK (TTL) 


TrLOUT2 or 


8 


9 JDHLOUTI 



ML4417, ML4427 
PDIP-16 Package 
(Prototypes Only) 


OSCTP[ 


1 


16 


] CODECLK (ECL) 


NTCAP (COARSE) [ 


2 


15 


] ECLIN1 


LOOPFLTR (FINE) [ 


3 


14 


]va 


Vc2 (5 TO 12V) [ 


4 


13 


]CAPA 


QIN2[ 


5 


12 


] Vcc (5V) 


QINl[ 


6 


11 


Jgnd 


ECLIN2 [ 


7 


10 


] INTCLK (TTL) 


TTLOUT2 [ 


8 


9 


] HLOUTI 




TOP VIEW 





PIN DESCRIPTION 



PIN NO. 



NAME 



FUNCTION 



1 



OSCTP (ECL) 



INTCAP (COARSE) 



LOOPFLTR (FINE) 



VC2 



QIN2 



QiN1 



Oscillator Test Point. An 
ECL output of the VCO 
that is useful for direct 
evaluation of the VCO 
output. 

The coarse input for the 
loop filter time constant 
setting. 

The fine input for loop 
filter time constant setting. 

Analog power supply 
input, nominal 5V or 12V 

Increment input on the 
charge pump. This input 
is TTL-compatible on the 
ML4417. On the ML442;^ 
it can be connected, 
along with pin 6, to a 
single CMOS tri-state 
output, eliminating one 
pin on the controlling 
gate array. (Active high) 

Decrement input on the 
charge pump. (Active low) 



PIN NO. 



15, 7 
9,8 
10 



11 
12 

13 



14 



16 



NAME 



FUNCTION 



ECLIN1, 2 



TTLOUT1, 2 



INTCLK (TTL) 



GND 

Vcc (5V) 



CAPA 



Vci 



CODECLK (ECL) 



ECL inputs for ECL to 
TTL level translators. 

TTL outputs for ECL to 
TTL level translators. 

Interface clock output. 
This output is a TTL 
output at one third of 
the VCO frequency. 

Ground. 

Logic power supply 
input, nominally 5V. 

VCO capacitor 
connection. This 
capacitor determines the 
nominal VCO frequency. 

Vci should be 
connected to a well- 
regulated 5V + 5% supply. 

The code clock output. 
This is an ECL output at 
half the VCO frequency. 
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ML4417, ML4427 

TYPICAL OPERATING CONDITIONS 

Temperature Range 0°C to +70**C 

Analog Supply Voltage (Vc2)* 5 or 12V 

Digital Supply Voltage (Vcc) 5V 

Vci 5V 

* This supply voltage is designed for 5V or 12V operation. This data 
sheet specifies the ML4417/4427 for 12V operation. For 5V 
specification, please contact Micro Linear. 



Absolute maximum ratings are those values beyond which the 
device could be permanently damaged. Absolute maximum ratings 
are stress ratings only and functional device operation is not 
implied. (All voltages are referenced to GND.) 



ABSOLUTE MAXIMUM RATINGS 

Power Supply Voltage Range 

Vci -0.3 to Vcc + .3 VDC 

Vc2 -0.3 to 14 VDC 

Vcc -0.3to6VDC 

Digital Inputs 

ECLIN1, 2 -0.3 to Vcc + 0.3V 

QIN1,2 -0.3 to Vcc + 0.3V 

Analog Inputs 

LOOPFLTR, INTCAP -0.3 to Vc2 + 0.3V 

CAPA -0.3 to Vci + 0.3V 

Digital Outputs 
TTLOUT1, 2, OSCTI^ 
CODECLK, INTCLK -0.3 to Vcc + 0.3V 



ELECTRICAL CHARACTERISTICS 

Unless otherwise specified, Vc2 = 12V ± 10%, Vcc = 5V ± 5%, Vci = 5V ± 5%, Ta = 


25°C. 








SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Power Supply 


Ice 


Vcc Supply Current <'') 


Pin 12 




90.0 




mA 


Ici 


Vci Supply Current 


Pin 14 




11.0 




mA 


IC2 


Vc2 Supply Current 


Pin 4 




4.5 




mA 


Digital Inputs 


V|H (ECU 


High Voltage ECL Input 


Pin 15, Vcc = 5V 


4.0 






V 


V|L (ECU 


Low Voltage ECL Input 


Pin 15, Vcc = 5V 






3.6 


V 


l|H (ECU 


High Current ECL Input 


Pin 15, Vcc = 5V 






1250 


M 


l|L (ECL) 


Low Current ECL Input 


Pin 15, Vcc = 5V 


625 




1000 


M 


Digital Outputs (ECL are Open Emitter) 


VqH (TIL) 


High Voltage TTL Output 


Iqh = -0.4mA 


TTLOUTi,2,3 

Pins 8, 9, 10, Vcc = 5V 


3.75 






V 


Vol (TIL) 


Low Voltage TTL Output 


Iql = 1-6rnA 






0.50 


V 


Vqh (ECU 


High Voltage ECL Output 


loH = -4mA 


ECL Code CLK 
Pin 16, Vcc = 5V 


4.05 


4.22 


4.30 


V 


Vql (ECL) 


Low Voltage ECL Output 


Iql = -4mA 


2.80 


3.22 


3.55 


V 


Voltage Controlled Oscillator (VCO) (Transfer Functio 


n Pin 2 to Pin 1 = 7.5MHz/Volt @ lOpF) 










Wco 


VCO Range 


Cqsc = 10pF Pin 14 to Pin 13 
(Pin 2 = IV to 11V, Pin 3 = 6V) 
(Pin 14 = Vcc) 




20-95 




MHz 


Charge Pump 


'q 


Charge Pump Current 


Pin 3 




±125 




M 


Vqh 


Charge Pump Maximum Voltage 


Pin 3 




Vc2-1V 




V 


Vql 


Charge Pump Minimum Voltage 


Pin 3 




1.0 




V 


INQ DEC Inputs 


V,H 


High Voltage Input 


Pin 6, Vcc = 5V 


1.9 




Vcc 


V 


V,L 


Low Voltage Input 


Pin 6 







0.8 


V 


V,H 


High Voltage Input 


Pin 5 (ML4417), Vcc = 5V 


1.9 




Vcc 


V 


V,L 


Low Voltage Input 


Pin 5 (ML4417) 







0.8 


V 


Note 1: This value includes current consumed in 1K0 


terminating resistors from pins 1 and 16 to grou 


nd. 
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ELECTRICAL CHARACTERISTICS (Continued) 

Unless otherwise specified, Vc2 = 12V ± 10%, Vcc = 5V ± 5%, Vci = 5V ± 5%, Ta = 25*'C. 


SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


INQ DEC Inputs (Continued) 


V,H 


High Voltage Input 


Pin 5 (ML4427) see figure 2, Vcc = 5V 


4.2 




5.0 


V 


V,L 


Low Voltage Input 


Pin 5 (ML4427) see figure 2, Vcc = 5V 







3.1 


V 


l|H 


High Current Input 


Pin 6, V,N = 1.9V 


-5.0 




+1.0 


M 


l|L 


Low Current Input 


Pin 6, V,N = OV 


-25 




-1,9 


M 


l|H 


High Current Input 


Pin 5 (ML4417), V,n = 5V 


+30 




+200 


M 


l|L 


Low Current Input 


Pin 5 (ML4417), V,n = - 0.9V 


-25 




+40 


M 


l|H 


High Current Input 


Pin 5 (ML4427), V,n = 5V 


+1.0 




+20 


M 


l|L 


Low Current Input 


Pin 5 (ML4427), V|n = 3.1V 


-0.1 




+70 


M 


ECL Input 2 (Pin 7) at 25°C 5MHz < f,N < 35MHz, 40% < Duly Cycle < 60% (If Unused, Pin 7 = Vcc) 


V,H 


High Voltage Input 


Vcc = 5V 


3.0 


4.2 


5.1 


V 


V,L 


Low Voltage Input 


Vcc = 5V 


2.5 


3.4 


4.6 


V 


Va 


Voltage Swing 


V,H - V.i, Vcc = 5V 


.5 




2.0 


V 


llN 


Input Current 


DC Bias Value 




35 




M 


Transconductance Amplifier 


Vrefi 


Inverting Input of Amplifier 






Vc2/2 




V 


Cm 


Transconductance 


Al (Pin 2) -^ AV (Pin 3) 




27.5 




//mho 


ISAT 


Limiting Value of Output Current 


Pin 2 




±120 




M 



Vc2 (5 OR 12V) 
4l 



QIN2*_-1 



QIN1- 
Vrj 3 






! 



rNC 

QPUMP 
DEC 



KF1 = 1/10 (TYP) 



Vref =_ 

VC2/2 




ECL TO TTL 
CONVERTER 



ECL TO TTL 
CONVERFER 



ML4417/ML4427 



) OYP) f + 



KF2 = 1 (Vc2 > Vcc = 4V) 
KF2 - 2.3 (V'ci < Vcc = 2V/ 



= CHARGE PUMP INPUT LOGIC LEVELS: 

ML4417 — TTL COMPATIBLE, ML4427 — CMOS TRI-STATE 



14 

+5V *■ 



Vcc (5V) 
.21 



Vci Cose 



"I 

GND 



- CODECLK (ECL) 



Figure 1. typical Passive Component Connections 
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CMOS TRI-STATE 
LOGIC OUTPUT 



The ML4427 version has an input on pin 5 that allows a 
single-line control interface on the charge pump. By 
connecting pins 5 and 6 together, the charge pump can 
be controlled from a single CMOS tri-state output as 
follows: HI = increment LO = decrement, tri-state = 
coast. The benefit is a savings of one output pin on a 
control gate array. A resistive termination to Vcc/2 is 
required to establish the logic level during tri-state, as 
shown. 



Figure 2. 



TYPICAL PERFORMANCE CHARACTERISTICS 



vco 

-^(MHz)vs.V,NT 

Vc2 = 5V 
(5V-Only Operation) 



PIN 16 OUTPUT 

\/rrt 50 

y^=^ FREQUENCY 



VC2, 




PIN 16 OUTPUT 
^FREQUENCY^^ 



VCO 



(MHz) vs. Vint 
Vc2 = 12V 




Cose = 20pF 



Cose = 40pF 
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3! 
Qg 



9 



c 

3 
QTQ 



N 
00 



O. 

c 



I 




4^ 



4^ 



ore 
2 



N 
73 



3 

I 



REF 
CLK 



l£ 



DIVIDE 

BY N 



zz 



DIVIDE 
BYM 



PHASE 
COMP 



CHARGE 
PUMP 



DIVIDE 
BY 3 



I 



r 



^^ 



HUER/ 
EQUALIZER 



READ/WRITE 
CIRCUIT 
ML511R 



PULSE 
DETECTOR 



I IVIL4U4I J 



LOOP 

FILTER 



ZONE 

SELECT 

CONTROL 



DIVIDE 
BY 2 



ML4417/27 ZBR CIRCUIT 



REF OSC 

IN 



READ 
DATA 
INPUTS 



DATA 

SEPARATOR 

ML4025 



DATA 
CLOCK 



SYNC 
DATA 



READ 
SYNC 
FIFO 



WRITE 
SYNC 
FIFO 



4;^ 

r- 



B 
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4417/4427 LOOP RESPONSE 



FrEFO- 





Kfp 
s 






K0 


«QP ^ 


Kfltr 


Vc 






AF 
Fo 








KVCO 






Af 
^ f 






















s 






















X 

































(Fref) 



Kfltr — To Be Derived, Units = 



Volts 
Amp 



Kfp = In 



Radian 



K/A - 



Hertz 
.125mA Amp 



277- Radian 



Kvco = 



100% % 



2.5V Volt 



(Cqsc = 10pF) 



Vi 

-p- 



Iqp 



Cirt 



C2±^ 




V2 








K2 




+1 




= 












Cs: 










Vc 



Rl 



Vi = Iqp * - 



— )- 

SCi'SC2 



1 1 

SCi ^ SC2 



Iqp * 



SRiQ + 1 



S(Ci + C2) (sRi T^^ + 1 ) 



C1+C2 



V2 = Vi *^ , Vc = V1K1 + V2K2 = Vi(Ki + ^^) = Vi -^ 



Ki 
S 7-z- C3 + 1 



GmK2(SRiCi + 1)(s-^C3 + i) 
,, K2<^M 

Vc 

' Iqp ~ S2(Q + C2)C3 (SR-j — ^^-^ + 1 ! 

^ ^ " Ct + C2 ' 
(SRiQ + 1) (S * 3.6 * 103 C3 + 1) 
36 * 103 S2(Ci + C2)C3 (sRi — ^—^ + i) 



Kfltr 



GmK2 



C3 



V 
Ki = .1 - 

V 

V 

K2 = 1 - 

V 

Cm = 27.5 * 10-6 



Amp 
Volt 
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Thus complete open loop transfer function Tol- 

Kpp 2n .125 * 10-3 

Tol = -7- * K0 * KpLTR * Kvco * Fref = — * 



S In 

(SR-iQ + 1) (S * 3.6 * 103 C3 + 1) * Fref 



KpLTR * — * Fref 



S 

KpLTR Fref 

S * 20 * 103 ' , C1C2 \ 

S3(Ci + C2)C3 SR-, ^-^- + 1 * 720 * 10^ 

Ci + Co 




Must define desired Fref, ^O/ ^2, Pi, Zy, then can proceed with component value determination. 

'^ FouT = 36 * 10^, N = 50 (typical numbers), then Fref = 720 * 10^ 
Assume: fo = 1000Hz, Z2 = 250Hz, Pi = 3000Hz, Zi = 45Hz 

1. Set Zi with C3: 



3.6 * 103 * C3 = ; 



1 



-= .982 * 10-^~1//F 



27rZi 27r * 45 * 3.6 * 10^ 

2. Set -3 intercept frequency f3 with (Ci + C2): fs = (ZiZ2fo)^^3 = (11.25 * 10^)^/3 

720 * 103 



— Ci + C2 = 

Z. ^'' 
3. Ratio 



(27r)3 * 11.25 * 10^ * 10-6 * 720 * lo^ 

CiC2_\ 

C2 



= .358 * 10-6 



Ci + C2' 



Z2 ^ 250 

- C2 = (Ci + C2) — = .358 * 10-6 * = .0298 * 10-6 ~ .030/iF 

Ci + C2 Pi 3000 



Pi R1C1 

4. Ci = (Ci + C2) - C2 = .358 * 10-6 - .030 * 10-6 = .328 * 10-6 ~ .33/iF 
1 1 



5. Set Z2 with Rf. R1C1 = 



27rZ2 



Rl = 



Iw * 250 * .33 * 10-6 



= 1.929 * 103 ~ 1.91 K 
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ORDERING INFORMATION 



PART NUMBER 


PACKAGE 


PIN COUNT 


TEMPERATURE 
RANGE 


ML4417CP 
ML4417CS 


DIP-16 
SO-16 (Narrow) 


16 
16 


0°C to 70°C 
0°C to 70°C 


ML4427CP 
ML4427CS 


DIP-16 
SO-16 (Narrow) 


16 
16 


0°C to 70°C 
0°C to 70°C 
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October 1990 
PRELIMINARY 



ML4431 



Servo Demodulator 



GENERAL DESCRIPTION 

The ML4431 provides all of the analog circuitry 
necessary for the demodulation of di-bit servo signal 
information in Winchester disk drives. It interfaces to 
the servo head preamp and provides quadrature 
position signal outputs for the servo controller 
circuitry. 

The ML4431 includes a high-performance 592-type 
input amplifier and differential AGC circuit. External 
logic is designed to meet the needs of the particular 
servo system utilizing the VCO and Charge Pump to 
create a PLL time base for Peak Detector gating. The 
SYNC output provides servo channel timing 
information for the logic. 

The ML4431 has an ECL-type VCO, with an internal 
ECL-to-TTL converter for simplified interfacing. 

The ML4431, when combined with the ML4402 Servo 
Driver, the ML4403, ML4413 Servo Controller and the 
ML4404 Trajectory Generator, provides a flexible 
closed-loop servo control system. 



FEATURES 

■ Combines all analog di-bit demodulation circuitry 

■ Logic track-type switching can be used to minimize 
demodulator offset 

■ Exponential AGC characteristics makes AGC settling 
independent of input step size 

■ External loop compensation of analog blocks 

■ External digital circuitry allows flexible pattern 
format 

■ On-chip band gap voltage reference eliminates 
external referencing 

■ Operates from 5V and 12V power supplies 

■ Programmable Peak Detector Discharge Current 

■ Digitally-controlled AGC set point 

■ TTL output VCO 

■ AGC Sense switchable to "POSA only" or both 
"POSA and POSB" 

■ Compatible with Micro Linear's ML4403, ML4413 
Servo Controller, ML4402 Servo Driver and ML4404 
Trajectory Generator 



BLOCK DIAGRAM 



VCOP I 



VCON I 




27 23 24 25 26 19 20 21 22 ) 28 
G1 G2 G3 G4 CI C2 C3 C4 



VrEF 
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PIN CONNECTIONS 



ML4431 32-Pin PCC 



FINC TP POSB 
FLTR I FDEC I CDC I ROSA 



+5V[ 5 
VCOI [ 

vcop[ 

VCON [ 

GND [ 

SYNC [ 

PWM [ 

VAGC [ 
CAGC [ 



1 32 31 30 



ML4431CQ 
PLCC-32 



29 
28 
27 
26 
25 
24 
23 
22 

2-n 



14 15 16 17 18 19 20 



] Vref 
] +12V 
] PKDECAY 
] GATE4 
] GATE3 
] GATE2 
] GATE1 
]CAP4 
CAP3 



I INX I GAIN2 I CAP1 | 
GAIN1 INY AGCSW CAP2 



PIN DESCRIPTION 

PIN NO. NAME 



FUNCTION 



1 


TP 


2 


FDEC 


3 


FINC 


4 


FLTR 


5 


+5V 


6 


VCOI 


7 


VCOP 



VCON 



Composite test point, normally left 
unconnected. 

Charge pump frequency 
decrement input. 

Charge pump frequency 
increment input. 

PLL loop compensation terminal. 

+5V supply. 

VCO input. 

VCO positive output, for 
capacitive feedback to VCOI. 

VCO negative output, drives 
resistive feedback to VCOI. 



9 


GND 


Ground. 


10 


SYNC 


SYNC pulse output. 


11 


PWM 


PWM DAC input to adjust AGC 
set point. 


12 


VAGC 


AGC gain reference voltage input. 


13 


CAGC 


External capacitor to set AGC 
response. 


14 


GAIN1 


Input amplifier gain adjusting RC 
terminal 1 


15 


INX 


X input into input amplifier. 


16 


INY 


Y input into input amplifier. 


17 


GAIN2 


Input amplifier gain adjusting RC 



terminal 2. 



PIN NO. NAME 



FUNCTION 



18 AGCSW Selects between "POSA only" or 

"POSA and POSB" AGC sense 
operation. Logic "0" selects "POSA 
only" operation. Logic "1" selects 
"POSA and POSB" operation. 

Peak detector 1 capacitor. 

Peak detector 2 capacitor. 

Peak detector 3 capacitor. 

Peak detector 4 capacitor. 

Peak detector 1 gate input (TTL) 
Logic "1" enabled, "0" disabled. 

Peak detector 2 gate input (TTL) 
Logic "1" enabled, "0" disabled. 

Peak detector 3 gate input (TTL) 
Logic "1" enabled, "0" disabled. 

Peak detector 4 gate input (TTL) 
Logic "1" enabled, "0" disabled. 

Sets peak detector discharge 
current. 

+12V supply. 

Voltage reference output. 

Position output A. 

POSA = Peak Detector 1 - Peak 

Detector 2 

31 POSB Position output B. 

POSA = Peak Detector 3 - Peak 
Detector 4 

32 CDC External capacitor terminal to set 

DC restore response. 



19 


CAP1 


20 


CAP2 


21 


CAP3 


22 


CAP4 


23 


GATE1 


24 


GATE2 


25 


GATE3 


26 


GATE4 


27 


PKDECAY 


28 


+12V 


29 


Vref 


30 


POSA 
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OPERATING CONDITIONS 

Temperature Range 0°C to 70°C 

Supply Voltage V(+12V) 12Vdc ± 10% 

Supply Voltage V(+5V) SVpc ± 10% 

Input Coupling Capacitance (C|) 0.01//F 

Input Amp Gain Capacitance (Cq) 0.047fj? 

Input Amp Cain Resistance (Re) IkQ 

AGC Response Compensation Capacitance (C^) 0.018//F 

Composite DC Restore Capacitance (Cp) 0.018//F 

PLL Compensation Components: 

Ccpi 0:I/iF 

CcP2 W 

Rcp 9ion 

VCO Components: 

Cv 39pF 

Rv 1500O 

RL 6800 

Peak Detector Capacitance (CAP1 thru CAP4) 270pF 

On track Base-to-Peak Voltage at pin TP 1.75V 

VcA Gain Control Voltage (at pin Cagc) *=^2.4V 

RsET 330KQ 



ABSOLUTE MAXIMUM RATINGS 

Absolute maximum ratings are those values beyond which the 
device could be permanently damaged. Absolute maximum 
ratings are stress ratings only and functional device operation 
is not implied. 

Power Supply Voltage Range, Vcc 14V 

Input Voltages: 

CAIN1, GAIN2 -0.3 to 8V 

Cagc -03 to 7.0V 

Vago PWM, VCOI -0.3 to 5.3V 

CAP1, CAP2, CAP3, CAP4 -0.3 to 10V 

GATE1, GATE2, G ATE3, GATE4, VCOP -0.3 to 7.5V 

INX, INX VCON, FINQ FDEQ Cdq Cago FLTR 

-0.3 to Vcc +0.3V 

^jA for PLCC-32 ^eO^'C/Watt 

Storage Temperature Range -65°C to +150°C 

junction Temperature (Tj/^^^x) 150°C 

Lead Temperature (Soldering, 10 sec) 260°C 



ELECTRICAL CHARACTERISTICS 

The following specifications apply over the recommended operating conditions of T^ = 0°C to 70°C, 
V(+i2V) = 10.8 to 13.2V, V(+5V) = 4.5 to 5.5V, Vvagc - 4.0V, and external components as recommended above, 
unless otherwise specified (See Note 1) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Power Supply 


Ul2 


Supply Current 


V^12 = 12V, V^5 = 5V 




37 


59 


mA 


1.5 


Supply Current 


V,12 = 12V, V,5 = 5V 




42 


51 


mA 


TTl Inputs FINQ FDEQ GATEl, GArE2, GATES, GArE4, PWM, AGCSW 


V,H 


High Level Input Voltage 




2.0 






V 


V,L 


Low Level Input Voltage 








0.8 


V 


i|H 


High Level Input Current 


V,H = 2.4V 


-1 




30 


M 


IlL 


Low Level Input Current 


V,L = 0.4V 


-20 




1 


M 


SYNC Output 


Vol 


Low Level Output Voltage 


'oL '^ 1.6mA 





0.35 


0.5 


V 


Vthr 


Positive going input threshold 






Vref+0.9 




V 


Vthf 


Negative going input threshold 






Vref 




V 


tpD± 


Propagation Delay Rising, Falling 


RL = 2k, Cl = 15pF 




50 




ns 


VCON Output 


Vqh 


High Level Output Voltage 


Iqh = 50//A 


2.4 






V 


Vol 


Low Level Output Voltage 


'oL ~ 1-6mA 







0.5 


V 


VCO and Charge Pump Section 


'bias 


Vcoi Input Bias Current 







20 


50 


M 


'cH/ bis 


FLTR Charge and Discharge Current 




330 


450 


590 


M 


Ich/Idis 


FLTR Charge/Discharge Ratio 




0.95 


1.00 


1.05 


jjA/jjA 


'off 


FLTR OFF State Current 


FINC = 2.0, FDEC = 0.8 





25 


50 


nA 


Fmax 


MAX VCO Frequency to Maintain 
+ and - 5% Control Range (Note 3) 




20 






MHz 


Vqh (FLTR) 


Charge Pump Maximum Voltage 






V(.12V)-1V 




V 


Vql (FLTR) 


Charge Pump Minimum Voltage 






1.0 




V 
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ELECTRICAL CHARACTERISTICS (Continued) 

The following specifications apply over the recommended operating conditions of Ta = 0°C to 70°C, 
V(+12V) = 10-8 to 13.2V, V(+5V) = 4.5 to 5.5V, V^cc = 4.0V, and external components as recommended above, 
unless otherwise specified (See Note 1) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


VCO and Charge Pump Section (Continued) 


Fvco 


VCO Frequency Range (Note 3) 


Ta = 25°C, Vcc = 12, 
Vfltr = 6V, Cv = 30pF, 
Rv = 3.74KQ, see figure 1 


9.7 


10.0 


10.3 


MHz 


Kvco 


VCO Voltage to Frequency Factor 






2 




%/V 


Input AMP, AGC AMP, and DC Restore 


R|N 


INX, INY Differential Input Resistance 




7 


10 


14 


kQ 


Igaini,2 


GAiN1, GAIN2 Bias Current 




0.66 


1.0 


1.20 


mA 


RiNAGC 


Vagc Input Resistance 




7 


10 


13 


kO 


Gmacc 


AGC Transconductance at Cagc 






370 




//MHOS 


Ragc 


Control Range of AGC Loop to Regulate 
Composite Amplitude to within 2% 
of Nominal 






7/T 




v/v 


BW 


Bandwidth from INX, INY to Composite 

(Note 4) 




10 


15 




MHz 


GMDCR 


DC Restore Transconductance 






500 




/iMHOS 


Peak Detectors 


ICH 


Charge Current 




5 






mA 


bis 


Discharge Current 


Ta = 25°Q RsET = 330K 


10 


15 


20 


M 


Voltage Reference 


Vref 


Reference Voltage 


Ta = 25«>C 


4.75 


5.00 


5.25 


V 


TC 


Tempco 






50 




ppm/°C 


Rout 


Load Regulation 






2 




mV/mA 


PSRR 


Line Regulation 






10 




mV/V 


•sink 


Maximum SINK Current 




0.8 






mA 


Output Amplifiers (POSA, POSB) 


Vos 


Input Offset 


VcAp1-4 = 6V 


-10 





10 


mV 


Av 


Gain 




1.15 


1.20 


1.25 


V/V 


Ava/Avb 


Gain Tracking 




-3 





+3 


% 


Vqut 


Output Voltage Range 




1.0 




9.5 


V 


ISRC 


Output Source Current 




5 






mA 


ISNK 


Output Sink Current 




2 






mA 


SR 


Slew Rate 






2.5 




V//iS 


BW 


3dB Gain Bandwidth 






3 




MHz 



Note 1: CC to 70°C operating temperature range devices are 100% tested with temperature limits guaranteed by 100% testing, sampling, or 

correlation with worst-case test conditions. 
Note 2: Typicals are parametric norm at 25''C. 

Note 3: This parameter is guaranteed but not 100% tested and is not used in outgoing quality level calculations. 
APPLICATION HINTS 
Using a nominal on-track servo signal, amplitude adjustment should be made as follows: 

1. Set composite signal amplitude, measured at pin TP, by adjusting voltage at pin Vy^^^ (approximately 4.7 volts). The composite signal should 
be set to 1.75 volts base to peak of an on-track position pulse (an off-track position pulse will be about 3.5 volts maximum). 

2. Adjust Rg so that the VGA is in mid-range. This is determined by measuring the voltage at pin C/^cd '* should be approximately 0.9 volts. 
Cagc voltage will vary approximately ±0.5 volts over the AGC range. 
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FUNCTIONAL DESCRIPTION 

INPUT AMPLIFIER 

The input amplifier is equivalent to a wide-band 592 
type video amplifier and provides amplification and 
buffering to the AGC circuitry. The Inputs INX and INX 
which must be AC coupled, accept the composite 
analog signal from the servo head differential 
preamplifier. Internal input termination resistors 
eliminate the need for external bias resistors. 
Prefiltering of the signal is normally desired to eliminate 
unwanted components. External components Rg and 
Cg determine the input amplifier's low frequency cutoff 
and gain as follows: 

pr 1 , 1700 



liriRc + 60Q)Cg 



Rg + 60O 



Where: Cg = External series capacitance between pins 
GAIN1 and GAIN2 
Rg = External series resistance between pins 
GAIN1 and GAIN2 

AUTOMATIC GAIN CONTROL (AGC) 

The purpose of the AGC loop is to maintain a constant 
peak output voltage level at outputs ROSA and POSB. 
This peak level is established by the reference voltage 
applied to pin Vago 

Vp-p (Composite Position Pulses) = K1 x Vagc + K2 

Where: K1 = 0.65 

K2 = .13 * Vref 

In this closed-loop system, the peak detector output 
voltages are fed back and combined with the Vagc 
voltage to provide a gain control current. The current 
controls the variable gain amplifier (VGA) and is 
compensated at pin Cagc to provide control of AGC 
bandwidth. The bandwidth of the entire AGC loop is 
determined by: 



BW = 



K VvAGC 
27rCA 



Where: K = 2.8 x 10-4 

VvAGC = External reference voltage at pin Vagc 
Ca = External capacitance at pin Cagc 

PWM CONTROL OF AGC SET POINT 

The PWM input (pin 10) accepts a variable duty-cycle 
input to control the AGC set point. The relationship 
between duty-cycle and set point is: 

100% duty-cycle AGC set point is equal to Vref- 

0% duty-cycle AGC set point equal to 0.6 x Vref- 

A filter capacitor from pin 11 to ground is required to 
filter the PWM signal. This capacitor should be 
sufficiently large relative to the 10KO nominal internal 
termination resistance at pin 11. 

The AGC set point may be set manually via direct 
voltage control of pin 12 if desired. Pin 11 should be 
grounded in this case. 



SWITCHING THE AGC SENSE RESISTORS 

The AGCSW input (pin 17) allows selection of the AGC 
sense. The choices are: 

AGCSW low AGC senses PCS A peak 

detector outputs only. 

AGCSW high AGC senses PCS A and PCS B 

peak detector outputs. 

COMPOSITE AMPLIFIER 

The input amplifier and AGC circuit of the ML4431 
operate in a differential signal mode to provide good 
common mode and power supply rejection. The 
composite amplifier converts the differential signal into 
a buffered single-ended signal for the peak detector 
circuitry. The DC base line of the composite signal is 
equal to Vref- The bandwidth of the DC restore 
function is controlled by capacitor Cq at pin Cpc with 
the following relationship: 



BW = 



gm 



27rCD 

1 
Where: gm = ^ 

Cd = External capacitance at pin Cqc 

The composite signal is available at pin TP and is 
normally left unconnected. For short circuit protection 
a 750n resistor is connected in series with pin TP 
internally. 

SYNCHRONIZATION PULSE SEPARATOR 

The SYNC pulse separator is a threshold comparator 
with hysteresis which passes pulses from the composite 
amplifier above a set threshold. It provides a buffered 
TTL output. The SYNC output, when gated through an 
external one-shot, is used to control the external gate 
timing and PLL logic. 

PEAK DETECTOR 

The peak detector circuit captures the peak signal 
amplitude of the di-bit pulses. The gates are controlled 
by inputs GATE1 through GATE4. Timing is established 
by the external logic circuitry. The external peak 
detector capacitors are connected from pins CAP1 
through CAP4 to ground. The peak detector discharge 
rate (set by CAP1-CAP4 and current out of PKDECAY) 
determines the maximum track crossing rate during an 
access operation. The peak detector outputs are fed 
into internal differential amplifiers that calculate the 
track error signals and provide buffered outputs POSA 
and POSB as follows: 

POSA = 1.20 (CAP1 - CAP2) + Vref 
POSB = 1.20 (CAPS - CAP4) + Vref 
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PEAK DETECTOR DECAY RATE CONTROL 

The decay rate of the peak detector can be 
programmed by changing the external resistor Rset (P'" 
26, see connection diagram). The decay rate is 
determined by the discharge current for the hold 
capacitors C1 - C4. The relationship between the 
discharge current and Rset is- 

, Vref 
I DISCHARGE = ^ 

VOLTAGE CONTROLLED OSCILLATOR AND 
CHARGE PUMP 

The VCO and external phase compare logic provide a 
time b ase fo r peak detector gate synchronization. 
Inputs FINC and FDEC provide increment and 
decrement signals to the charg e pump for changing the 
oscillator frequency. The FINC and FDEC inputs gate 
the charge pump for the duration of the pulse width. 
The RC timing network formed by Cy and Ry at pins 
VCOI, VCON, and VCOP control the oscillators center 
frequency. (See Typical Performance Characteristics) 

Ry should be greater than 1000n, Too low of a value 
will result in excessive power dissipation. RL should be 
about 680Q. 



The VCO output should only be taken from pin VCON. 
Charge pump capacitor Ccpi is connected from pin 
FLTR to ground. Components Rcp and Ccp2 are also 
connected in series from pin FLTR to ground to provide 
VCO loop compensation. 

INTERNAL VOLTAGE REFERENCE 

Vref is an internal band-gap voltage reference. It is 
buffered and available at pin Vref and is used by the 
ML4402, ML4403, ML4404 and other chips requiring a 5 
volt reference. 

EXTERNAL LOGIC 

The external logic provided by the user typically has a 
complexity of about 150 to 300 equivalent gates. 
Complexity and architecture depends on the users di- 
bit pattern and control function. 

Note: Stray capacitance should be considered in applying the above 
relationships when low capacitor values are used. Stray 
capacitance of the integrated circuit terminal is typically about 
2 to 3pR 
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TYPICAL PERFORMANCE CHARACTERrSTICS 




Figure 1. ML4431 Connection Diagram 
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ORDERING INFORMATION 


ORDERING NUMBER 


PACKAGE 


PIN COUNT 


TEMPERATURE RANGE 


ML4431CQ 


PLCC-32 


32 pins 


0°C to +70°C 
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October 1990 
ADVANCE INFORMATION 

ML4510 



5V Sensorless Spindle Motor Controller 



GENERAL DESCRIPTION 

The ML4510 provides complete commutation for delta 
or wye wound Brushless DC (BLDC) motors without 
the need for signals from Hall Effect sensors. This IC 
senses the back EMF of the 3 motor windings (no 
neutral required) to determine the proper 
commutation phase angle using phase lock loop 
techniques. This technique will commutate virtually 
any 3-phase BLDC motor and is insensitive to PWM 
noise and motor snubbing. 

Included in the ML4510 is the circuitry necessary for a 
Hard Disk Drive microcontroller driven control loop. 
The ML4410 controls motor current with either a 
constant off-time PWM or linear current control driven 
by the microcontroller. Speed feedback for the micro 
is a stable digital frequency equal to the commutation 
frequency of the motor. All commutation is performed 
by the ML4510. Braking and Power Fail are also 
included in the ML4510. 

Since the timing of the start-up sequencing is 
determined by external circuitry, the system can be 
optimized for a wide range of motors and inertial 
loads. 



The ML4510 modulates the gates of external N-channel 
power MOSFETs to regulate the motor current. The IC 
drives external PNP transistors or P-channel MOSFETs 
directly. Special circuits are used to save base drive 
power at low load currents. 

FEATURES 

■ Back-EMF Commutation Provides Maximum Torque 
for Minimum "Spin-Up" Time for Spindle Motors 

■ Accurate, Jitter-Free Phase Locked Motor Speed 
Feedback Output 

■ Operates on Single 5V Power Supply 

■ Linear or PWM Motor Current Control 

■ Easy Microcontroller interface for Optimized Start- 
up Sequencing and Speed Control 

■ Power Fail Detect Circuit 

■ Drives External N-Channel FETs and PNP's or 
P-Channel FETs 



BLOCK DIAGRAM 
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PIN CONFIGURATION 



ML4510 
28-Pm PCC 



VCC2 PNP1 KCMD) BRAKE 
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, n nnrn n m rn 
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TOP VIEW 









PIN DESCRIPTION 

PIN # NAME 



FUNCTION 



GND 
PNP1 

PNP2 

VCC2 
PNP3 

CoTA 
OTA OUT 



8 


OTA IN 


9-11 


Nl, N2, N3 


12 


KSENSE) 


13 


Cos 


14 


Cvco 


15 


VCO OUT 



Signal and Power Ground. 

Drives the external PNP power 
transistor driving motor PHI. 

Drives the external PNP power 
transistor driving motor PH2. 

5V power. 

Drives the external PNP power 
transistor driving motor PH3. 

Compensation capacitor for 
linear motor current amplifier 
loop. 

Output of motor current error 
amplifier, normally connected to 
OTA IN or to external MOSFET 
gate. 

Driving voltage for N1-N3. 
Normally tied to OTA OUT 

Drives the external N-channel 
MOSFETs for PHI, PH2, PH3. 

Motor current sense input. 

Timing capacitor for fixed off- 
time PWM current control. 

Timing capacitor for VCO. 

Logic output from VCO. 



PIN # 



NAME 



FUNCTION 



16 


RESET 


17 


PWR FAIL 


18 


ENABLE E/A 


19 


NC 


20 


RC 


21 


l(RAMP) 


22 


PHI 


23 


PH2 


24 


PH3 


25 


VCC 


26 


BRAKE 


27 


l(LIMIT) 


28 


KCMD) 



Input which holds the VCO off 
and sets the ML4410 to the 
RESET condition. 

A "0" output indicates 5V is 
under-voltage. 

A "1" logic input enables the 
error amplifier and closes the 
back-EMF feedback loop. 

No Electrical Connection. 

VCO loop filter components. 

Current into this pin sets the 
initial acceleration rate of the 
VCO during start-up. 

Motor Terminal 1. 

Motor Terminal 2. 

Motor Terminal 3. 

5V power supply. Terminal which 
is sensed for power fail. 

A "0" activates the braking 
circuit. 

Sets the threshold for the PWM 
comparator. 

Current Command for Linear 
Current amplifier. 
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September 1990 
PRELIMINARY 

ML4568 



Disk Pulse Detector + 
Embedded Servo Detector 



GENERAL DESCRIPTION 

The ML4568 is a hard disk pulse detector with two 
gated peak detectors to demodulate embedded servo 
information. The pulse detector section includes a 
wide bandwidth differential amplifier with automatic 
gain control (AGC), a precision full wave rectifier, time 
channel and gate channel. The embedded servo peak 
detector section includes a full-wave rectifier, two 
gated peak detectors, buffered peak detector outputs, 
and a difference output. A 2.25V bandgap reference is 
also included on-chip. 

The ML4568 is a 5V-only upgrade for 8468-type 
devices. Upgraded features include increased data rate 
operation (to 24 MB/s with RLL(1, 7) coding), improve 
pulse pairing {1ns), and reduced power consumption 
(400mW typical) resulting from 5V-only operation. 

The ML4568 pulse detector section detects amplitude 
peaks, producing a TTL-compatible output which 
accurately indicates the time position of signal peaks. 
In hard disk applications, these signal peaks represent 
flux reversals in the magnetic medium. 



FEATURES 

■ 5V-only operation 

■ Low power consumption (400mW typical) 

■ Supports 24 MB/s RLL(1, 7) coding 

■ Less than ±1 ns Pulse Pairing 

■ Wide input signal amplitude range (lOmVpp to 
lOOmVpp) 

■ On-chip differential gain controlled amplifier, 
differentiator, comparator gating circuitry, and 
output pulse generator 

■ Adjustable comparator hysteresis 

■ Dynamic hysteresis tracks signal amplitude 

■ AGC and differentiator time constants set by 
external components 

■ TTL compatible digital inputs and outputs 

■ Built in embedded servo detector 

■ On chip buffers provide low impedance servo 
output voltages 

■ User adjustable servo time constants 
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GENERAL DESCRIPTION (continued) 

The ML4568 also incorporates two gated detectors 
which detect embedded servo information, used for 
head positioning. The ML4568 provides two buffered 
low impedance voltage outputs which represent the 
peak detected level of each servo burst. The ML4568 
also provides a buffered output that represents the 
voltage difference between the two servo channels, 
centered about Vref- 



PIN CONFIGURAHON 



PLCC-28 
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23 ] HYS. 

22 ] DISCH. 

21 ] VreFOUT 
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11 19 1 PKB 
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I CAGCJ 



RD 
DGND 



BUFA I PKA 
BUFB GATE1 

TOP VIEW 



PIN DESCRIPTION 



PIN tt 



NAME 



FUNCTION 



PIN tt 



NAME 



FUNCTION 



Power 


Supply 


9 


Vcc 


21 


Vref out 


26 


ANALOG 




GROUND 


13 


DIGITAL 




GROUND 


Analog Signals 


6 


AMP IN+ 


7 


AMP IN- 


28 


AMP OUT+ 


27 


AMP OUT- 


4 


-CH IN 


1 


+CH IN 



23 



CD- 
HYS. 



+5V + 10% supply. 

Internal 2.25 V reference voltage 
output. 

Analog signals should be 
referenced to this pin. 

Digital signals should be 
referenced to this pin. 

These are the differential inputs 
to the Amplifier. The output of 
the read/write head amplifier 
should be capacitively coupled 
to these pins. 

These are the differential outputs 
of the Amplifier. These outputs 
should be capacitively coupled to 
the channel filter. 

These are the differential inputs 
to the time, gating and servo 
channels. These inputs must be 
capacitively coupled to the 
channel filter at the amp. outputs. 
The maximum differential 
peak-to-peak swing at this input 
is 1.5 Vp_p. 

The externai differentiator 
network is connected between 
these two pins. 

The DC voltage on this pin sets 
the amount of hysteresis on the 
differential comparator. 



Analog Signals (Continued) 

24 LEVEL This is a Peak Detector Output 

signal that is used in conjunction 
with the set hysteresis pin 23 to 
provide a dynamic hysteresis 
function. 

5 AGCSET The AGC circuit adjusts the gain 

of the gain controlled amplifier 
to make the differential peak to 
peak voltage at the Channel 
inputs equal to four times the 
DC voltage on this pin. 
Vagcset = ViVcc + V4Vpp where 
Vpp is the peak-peak differential 
voltage on the channel input. 

CAGC The external capacitor for the 
AGC is connected between this 
pin and Analog Ground. 

PKA The peak detected servo signal 

PKB voltage appears across the RC 

networks connected from these 
pins to analog ground. 

BUFA These low impedance pins, 
BUFB output the DC level at pins 18 

and 19 respectively, level shifted 
down by two diode drops. 

DA OUT This low impedance pin outputs 
the difference in voltage between 
pins 16 and 15 about a zero level 
set by the voltage on pin 21. 



14 



18 
19 



16 
15 



25 
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PIN DESCRIPTION (Continued) 



PIN # 



NAME 



FUNCTION 



Digital Signals 

10 SET PW 



R/W 



12 



DOUT 



RD 



An external capacitor to control 
the pulse width of the Encoded 
Data Out (RD) is connected 
between this pin and Digital 
Ground. See Figure 1. 

If this pin is low, the Pulse 
Detector is in the read mode 
and the chip is active. When this 
pin goes high, the pulse detector 
is forced into a stand-by mode. 
This is a standard TTL input. 

This is the buffered, open 
collector, output of the differential 
comparator with hysteresis. 

This is the standard TTL output 
whose leading edge Indicates the 
time position of the peaks. 



PIN # 



NAME 



FUNCTION 



Digital Signals (Continued) 

17 GATE 1 These Inputs accept TTL levels. 

20 GATE 2 When a low level Is present the 

embedded servo signal is allowed 
to charge the RC network at pins 
18 and 19 respectively. A high 
level will force a hold condition 
of the DC voltage across the RC 
network and will also disable the 
servo channel. 

22 DISCH. This Input accepts a TTL level. 

A high level connects a 1.5K 
internal resistor to ground on 
pins 18 and 19. 



ABSOLUTE MAXIMUM RATINGS 

Supply Voltage 

Pin 9 14V 

TTL input Voltage 

Pins 8, 17; 20, 22 5.5V 

TTL Output Voltage 

Pins 12, 11 5.5V 

Input Voltage 

Pins 23, 5 5.5V 

Minimum Input Voltage 

Pins 23, 5 -0.5V 

Differential Input Voltage 

Pins 6-:?^ 4-1 3V or -3V 

ESD susceptibility rating is to be determined 

Storage Temperature -65°C to +150°C 

Lead Temperature (Soldering 10 sec.) SOO^C 

Maximum Power Dissipation at 25°C: 

PLCC Package (derate TBD mW/«C above 25''C) . . . 500mW 



OPERATING CONDITIONS 

Vcc 4.5V to 5.5V 

Ambient Temperature, T^ 0°C to +70''C 
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ELECTRICAL CHARACTERISTrCS 

Over recommended operating conditions. 

Set Hysteresis = OV, VpiN 17 = 2y READ/WRITE = 0.4V, Vrin 22 = 0.4y unless otherwise noted. 



Symbol 


Pins 


Parameter 


Conditions 


Min 


Typ 


Max 


Units 


Amplifier 


Z|NAI 


6, 7 


Amp In Impedance (Note 1) 


Ta = 25°C 


1.8 


2.4 


3.0 


KQ 


AvMIN 


28,27 


Minimum Voltage Gain Differential 


AC Output 3 Vpp 




6 


15 


V/V 


AvMAX 


28, 27 


Maximum Voltage Gain Differential 


AC Output 3 Vpp 


250 


300 




v/v 


Channel 


ZiNCI 


4, 1 


Channel Input Impedance 


Ta = 25°C (Note 1) 




2.5 




KQ 


'CAGC- 


14 


Pin 14 Current which Charges Cagc 


Vp,N 14 = 2.2V 


5.0 


5.8 




mA 


ICAGC+ 


14 


Pin 14 Current which Discharges Cagc 


Vp,N 14 = 2.2V 




0.5 


2 


M 


UcCSET 


5 


AGCSET Input Bias Current 






8 


100 


//A 


l|L 


23 


Set Hysteresis Input Bias Current 


VpiN 23 = 






-20 


M 


ICD 


2, 3 


Current into Pin 2 and 3 that 
Discharges Co 




0.8 


1.0 




mA 


HYS 


23 


Peak Hys. vs Vhys 


Vp,N 23 = 1V 


0.25 


0.4 


0.55 


VpK/ 

Vdc 


Write Mode 


Z|NAI 


6, 7 


Amp In Impedance in Write Mode 


Vp,N 8 = 2.0V 




350 


450 


n 


Ugc- 


14 


Pin 14 Current in Write Mode 


Vp,N 8 = 2.0V, Vp,N 14 = 2.2V 




0.2 


1.0 


M 


Digital Pins 


V,H 


8, 17, 
20, 22 


High Level Input Voltage 




2 






V 


V,L 


8, 17, 
20, 22 


Low Level Input Voltage 








0.8 


V 


l|H 


8, 17, 
20, 22 


High Level Input Current 


Vsv = Max, V, = 2.7V 






20 


M 


l|L 


8, 17, 
20, 22 


Low Level Input Current 


Vsv = Max, V, = 0.5V 




140 


200 


M 


VOH 


12 


High Level Output Voltage 


Vsv = Min, loH = -400//A (Note 2) 


2.4 






V 


V0LI2 


12 


Low Level Output Voltage 


Vsv = Min, loL = 800M (Note 2) 






0.5 


V 


Ilh 


11 


High Level Output Leakage Current 


VpiN 11 = 5.5V Measure Current Into 
Pin 11 






10 


^^ 


V0LII 


11 


Low Level Output Voltage 


lp,N 11 = 800 M 






0.5 


V 


Servo Channel 


Zdis 


18, 19 


Discharge Impedance 


VpiN 22 = 2V (discharge) 
Force 2.5V on Pins 18 or 19 


0.5 


1.8 


2.5 


KQ 


Vboq 


15, 16 


Buffer Quiescent Output Level 


Vp,N 17, 20, 22 = 0.4V, Vc, = OV 

Pull 0mA from Pins 15 and 16 


1.0 


1.6 


2.0 


V 


Vlevel q 


24 


Level Quiescent Output Level 


Vci = OV 

Pull 200//A from Pin 24 




0.2 


0.5 


V 


II 


18, 19 


Gated Off Leakage Current 


VpiN 22 = 0.4V, Vp,N 20 = Vp,N 17 = 2V 

Force 3V on Pin 18 or Pin 19 


-1 




1 


M 
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ELECTRICAL CHARACTERISTICS (Continued) 

Over recommended operating conditions. 

Set Hysteresis = OV, Vrin v = 2V, READ/WRITE = 0.4y Vrin 22 = 0.4V, unless otherwise noted. 



Symbol 



Pins 



Parameter 



Conditions 



Min 



Servo Channel (Continued) 



lyp Max Units 



VoSBO 


16, 15 


Buffer Output Offset Voltage 
for Vci = 1VpK_PK 


Vp,N17,20,22 = 0.4V,Vp,Ni=2.75V 

Pull 0mA from Pins 15 and 16 

Vp,N4 = 2.25V, 

VoSBO = VpiN 16 - VpiN 15 




2 


±15 


mV 


Vqsys 


25, 21 


System Output Offset Voltage 
for Vc, = 0.75VpK_PK 
Pull 0mA from Pin 25 

VqSYS = VpiN 25 - VpiN 21 


VpiN A7, 20, 22 = 0.4 

VpiM 1= 2.688V, VpiN 4 = 2.313V 




+5 


±20 


mV 


AvDA (1V) 


25,21 


Difference Amplifier Gain, 
IV Differential Input 


VpiN 17, 20 ^ 2V 

VpiN 19 = 1.5V, Vp,N 18 = 2.5V, 
VpiN 22 = 0.4V 


1.6 


2 


2.4 


v/v 


AvDA (.5V) 


25,21 


Difference Amplifier Gain, 
0.5V Differential Input 


VpiN 17, 20 ^ 2V 

VpiN 19 = 1.75V, Vp,N 18 = 2.25V, 

VpiN 22 = 0.4V 


1.6 


2 


2.4 


v/v 


GLda 


25 


Difference Amplifier Gain Linearity 






0.2 


2.5 


% 


Zlevel 
SOURCE 


24 


Level Out Output Impedance 


Vp,N17,20,22 = 0.4V,Va = 0.75V 

Measure Vpi^ 24 with 200/iA and 
3mA pulled out of the pin. 
Zlevel = change in Vpi^ 24 SOURCE 
3mA - 0.2mA 


100 


180 


250 





AVcD 

(1.5V) 


15, 16 


Gated Detector Gain 
for Vci = 1.5Vpk_pk 


VpiN 22, 20, 17 = 0.4V 

VpiN 1 = 2.875V, VpiN 4 - 2.125V 


1.45 


1.8 


2.25 


v/v 


AVcD 

(0.75V) 


15, 16 


Gated Detector Gain 
for Vc, = 0.75VpK.pK 


VpiN 22, 20, 17 = 0.4V 

VpiN 1 = 2.688V, VpiN 4 = 2.313V 


1.45 


1.7 


2.25 


v/v 


AVlevel 
(1.5V) 


24 


Level Voltage Gain 
For Vci = 1.5Vpk_pk 


Vp,N 1 = 2.875V, Vp,N 4 = 2.125V 


1.45 


1.8 


2.25 


v/v 


AVlevel 
(0.75V) 


24 


Level Voltage Gain 
For Vci = 0.75Vpk_pk 


VpiN 1 = 2.687V, VpiN 4 = 2.312V 


1.6 


1.9 


2.4 


v/v 


GLcD 


15, 16 


Gated Detector Gain Linearity 






±0.1 


+2.5 


% 


Ice 


9 


Vcc Supply Current 


Vcc = Max 


40 


90 


110 


mA 


Vref 


21 


Vref Voltage 




2.0 


2.25 


2.5 


V 
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AC ELECTRICAL CHARACTERISTICS 

Over Recommended Operating Temperature and Supply Range refer to AC Test Setup, 
f = 2.5MHz unless otherwise indicated. PKA, PKB = 1KQ + 10nF to GND. 



Symbol 


Pins 


Parameter 


Conditions 


Min 


Typ 


Max 


Units 


tCHARGE 


15, 16 


Gated Detector Charge Time 


Vc, = 1.5Vpp, Vp,N 22 = 0.3V, 
With PKA and PKB discharged, 
measure the time from Pin 17 or 20 
going from 2V to 0.3V, to Vboi or 
Vbo2 respectively reaching 90% of 
their final value 




1.0 




fJS 


toiSCHARGE 


15, 16 


Gated Detector Discharge Time 


Vci = I.SVpp. 

With LP1 charged, measure the time 
from Pin 22 going from 0.3V to 2V, to 
the voltage at Vboi or Vbo2 reaching 
90% of their final value 




70 




fJS 


tON 


18, 19 


Gated Detector Turn ON Time 


Vc, = 0.35VDO VpiN 22 = 0.3V 
With LP1 discharged, measure the 
time from Pin 17 going from 2V to 
0.3V, to the voltage on Pin 18 
increasing 0.1V 

Do a similar measurement with LP2, 
Pin 20 and Pin 19 




0.2 




fJS 


tOFF 


18, 19 


Gated Detector Turn OFF Time 


Vc, = 0.35VDO Vp,N 22 = 2V 
Measure the time from Pin 17 going 
from 0.3V to 2V, to the voltage on 
Pin 18 decreasing by 0.1V Do a 
similar measurement with Pins 20 and 
19 




0.4 




//s 


tpp 


12 


Pulse Pairing ML4568-1 


f = 2.5MHz and Vc, = IVpp differential 






±1 


ns 


tpp 


12 


Pulse Pairing ML4568-2 


f = 2.5MHz and Vc, = IVpp differential 






±3 


ns 



Notes: 

1. The temperature coefficient of the input impedance is typically 0.05% per °C. 

2. To prevent inductive coupling from the digital outputs to Amp In, the TTL outputs should not drive more than one ALS TTL load each. Pin 
11 is an open collector output which is tested with an external IK pullup resistor to the 5V supply. 
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ML4568 CONNECTION DIAGRAM 



PLCC-28 Version 



Vrefout o-^ 




LEVEL X GATE2 DISCH. GATEl 
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APPLICATION INFORMATION 

SETTING THE OUTPUT PULSEWIDTH 

The RD output pulsewidth is dependent on the value 
of Cos/ which is connected from pin 10 to Vcc- This 
relationship is shown in figure 1. 



SELECTING Cp 

The following table summarizes the maximum Cq value 
allowed for different data rates. These values are 
derived using 

176 

Cd (max) = 

tmax 



Data Rate 


^MAX 


Cd (max) 


7.5 MB/s 


2.81 MHz 


62.6 pF 


24 MB/s 


9 MHz 


19.6 pF 



Table 1. Maximum Cq Value Allowed for a 1.5 Vp_p 
Differential Signal Using RLL (1, 7) Code 



Cos (pF) 

Figure 1. RD Output Pulsewidth as a Function of Cos 



ORDERING rNFORMATION 



PART NUMBER 


PACKAGE 


PULSE PAIRING 


ML4568-1CQ 
ML4568-2CQ 


PLCC-28 
PLCC-28 


±1 ns 

±3 ns 
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October 1990 



ML8464B, ML8464C 



Pulse Detector 



GENERAL DESCRIPTION 



FEATURES 



The ML8464 is a Pulse Detector designed for use in 
magnetic disk applications to detect the amplitude 
peaks on the output of the read/write amplifier. These 
signal peaks are caused by flux reversal on the disk 
media, which when connected to the read/write 
amplifier result in an output consisting of a series of 
pulses of alternating polarity. The relative time position 
of these signal peaks is indicated by the leading edge 
of the TTL output pulses. The Pulse Detector 
accurately represents the time position of these peaks. 

The ML8464 contains three major blocks. The amplifier 
block contains a wide bandwidth differential amplifier 
with Automatic Gain Control (AGC) and a precision full 
wave rectifier. The time channel block includes a 
programmable differentiator followed by a bidirectional 
one shot multivibrator. The gate channel block 
includes a differential comparator with programmable 
hysteresis, a D flip-flop and an output bi-directional 
one shot multivibrator. The ML8464C internally 
connects the time channel output to the D flip-flop. 



■ Wide differential input signal range 20-660 mVp_p 

■ TTL compatible digital Inputs and Output 

■ Externally gain controlled input differential amplifier 

■ Variable hysteresis comparator with gating circuitry 

■ Differentiator with externally programmable time 
constants 

■ Standard 12V power requirement 

■ Available in 24-pin DIP package, or a 28-pin surface 
mount PCC 

■ Improved pulse pairing (+1 ns max.) 

■ Handles RLL (1, 7) or (2, 7) data to 24 MB/s 

ML8464B FEATURES 

■ Direct replacement for DP8464B 



BLOCK DIAGRAM 



T 



+12V AMP 
1 9 19 



OUT 
18 



^ GAI 



GAIN 

CONTROLLED 

AMPLIFIER 



AUTOMATIC 
GAIN CONTROL 



FULL WAVE 
RECTIFIER 



GATE 

CHANNEL 

INPUT 



TIME 

CHANNEL 
2 INPUT 



DIFFERENTIAL 
COMPARATOR 
WITH 
HYSTERESIS 



1> 



1^ 



Ro Co 



DIFFERENTIATOR 



BIDIRECTIONAL 
ONE SHOT 



-v^ 



BIDIRECTIONAL 
ONE SHOT 



READ/WRITE Vref 



DIGITAL 
GROUND 



ANALOG 
GROUND 



'^6 

SET CHANNEL 

HYSTERESIS ALIGNMENT 



JiTIME PULSE 
OUT 



3 TIME 
-PULSE 



(ML8486B 
ONLY) 



SET PULSE ENCODED 
WIDTH DATA OUT 



* ML8464C ONLY 
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PIN CONNECTIONS 






TIME 






SET 




CHANNEL 










HYSTERESIS\ 


C[ 
TIME 
CHANNEL 


)+ / INPUT - 


CD+ [ 


1 


^ 24 


]CD- 


/ GATE 
/ CHANNEL 


TIME CHANNEL INPUT + [ 


2 


23 


] TIME CHANNEL INPUT - 
] GATE CHANNEL INPUT 


Vref 

\ 


yNPUT+ 


CD-/ INPUT 


3 


22 




_ i~i 


n [— 1 r— 1 n rn r-1 




SET HYSTERESIS [ 




1^ 


3 2 


28 27 26 




Vref [ 


4 


21 


2 GATE CHANNEL INPUT 


NC[ 


5 




25 


] GATE CHANNEL INPUT 


NC [ 


5 


20 


] ANALOG GROUND 


NC[ 


6 




24 


] ANALOG GROUND 


AMP IN + [ 


6 


24-Pin DIP ^^ 


] AMP OUT - 


AMPIN+ [ 


7 




23 


] AMP OUT - 


AMPIN- [ 


7 


18 


] AMP OUT + 


AMPIN- r 


8 


28-Pin PLCC 22 


] AMP OUT + 


NC [ 


8 


17 


] DIGITAL GROUND 


NC[ 


9 




21 


2 NC 


Vcc [ 


9 


16 


] Cagc 


vcc[ 


10 




20 


] DIGITAL GROUND 


SET PULSE WIDTH [ 


10 


15 


] CHANNEL ALIGNMENT OUT 


NC[ 


11 




19 


]Cagc 


kEAt)/WRITE [ 


11 
12 


14 
13 


] ENCODED DATA OUT 
] TIME PULSE IN* 




12 


13 14 15 16 17 18 




TIME PULSE OUT [ 




LJ 

/ 


LJ LJ LJ LJ LJ Ul 

/ / 1 \ \ \ 












SET^ / 


TIME 


ENCODEDX NC 
DATA OUT \ 




aOPVIEW) 


PULSE / 
WIDTH / 


PULSE 
OUT 


NC = No Connect 




/ 




CHANNEL 


* THIS PIN IS A NO CONNECT ON THE ML8464C. 


READ/ write/ 


TIME PULSE IN* ALIGNMENT 


PIN DESCRIPTION 








NAME 


FUNCTION 


NAME 




FUNCTION 


Amp ln+, Amp In- 


Differential inputs to the Ampli- 


Set Pulse Width 


External capacitor between this 




fier. The output of the read/write 






pin and Digital ground is 




head amplifier should be capa- 






connected to control the pulse 




citively coupled to these pins. 
- Differential outputs of the 




il/Write 


width of the Encoded Data Out. 


Amp Out+, Amp Out- 


Reac 


TTL input. When low, the chip is 




Amplifier. These outputs should 






in read mode and active. When 




be capacitively coupled to the 






High, the chip is forced into 




gating channel filter and to the 






stand by mode. 




time channel filter. 


Channel Alignment 


Buffered output of the differ- 


Gate Channel Inputs 


Differential inputs to the AGC 
block and the gating channel. 
Must be capacitively coupled 
from the Amp Out. 






ential comparator with hysteresis. 
This output is TTL on the 
ML8464B, and is open emitter 
on ML8464C. The ML8464C is 


Time Channel lnput+, 


Differential inputs to the time 






specified with a 2Kn pull-down 


Time Channel Input- 


channel differentiator. A filter is 






resistor to ground. 




required between these pins and 


Time Pulse In 


This is the TTL input to the 




Amp Out pins to band limit the 


(ML8464B only) 


clock of the D flip-flop. Usually 




noise and to correct for any 






it is connected to the Time 




phase distortion due to read 






Pulse Out pin. 




circuitry. Also inputs must be 


Time Pulse Out 


ML8464B: This is the TTL output 




capacitively coupled to prevent 






from the bidirectional one shot 




disturbing the DC input level. 






following the differentiator. 


CD+, CD- 


External differentiator network 
is connected between these 
two pins. 






Usually it is connected to the 

Time Pulse In pin. 

ML8464C: Open emitter-follower 


Set Hysteresis 


DC voltage on this pin sets the 






test point. 




amount of hysteresis on the 


Encoded Data Out 


TTL output. Leading edge of 




differential comparator. 






this pin indicates the time 


Vrep 


AGC circuit adjusts the gain of 






position of the peaks. 




the amplifier to make the differ- 


Vcc 




12V power supply. 




ential peak to peak voltage on 


GND 




Digital ground. Digital signals 




the Gate Channel. Input is four 






should be referenced to this pin. 




times the DC voltage on this pin. 


AGND 




Analog ground. Analog signals 


Cagc 


External capacitor between this 
pin and Analog ground is 
connected for the AGC. 






should be referenced to this pin. 
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FUNCTIONAL DESCRIPTION 

The output from the read/write amplifier is AC coupled 
to the amp input of the ML8464. The amplifier's output 
voltage is fed back via an external filter to an internal 
fullwave rectifier and compared against the external 
voltage on the Vref pin. The AGC circuit adjusts the 
gain of the amplifier to make the peak to peak 
differential voltage on the Gate Channel Input four 
times the DC voltage on the Vref- Typically the signal 
on the amp out will be set for 4Vp_p differential. Since 
the filter usually has a 6dB loss, the signal on the Gate 
Channel Input will be 2Vp_p differential. The user 
should therefore set 0.5V on Vref which can be done 
with a simple voltage divider from the +12V supply or 
other suitable reference. 

The peak detection is performed by feeding the output 
of the amplifier through an external filter to the 
differentiator. The differentiator output changes state 
when the input pulse changes direction, generally this 
will be at the peaks. However, if the signal exhibits 
shouldering, the differentiator will also respond to noise 
near the baseline. To avoid this problem, the signal is 
also fed to a gating channel which is used to define a 
level either side of the baseline. This gating channel is 



comprised of a differential comparator with hysteresis 
and a D flip-flop. The hysteresis for this comparator is 
externally set via the Set Hysteresis pin. In order to 
have data out, the input amplitude must first cross the 
hysteresis level which will change the logic level on the 
D input of the flip-flop. The peak of the input signal 
will generate a pulse out of the differentiator and 
bidirectional one shot. This pulse will clock the new 
data at the D input through to the output. In this way, 
when the differentiator is responding to noise at the 
baseline, the output of the D flip-flop is not changing 
since the logic level into the D input has not been 
changed. The comparator circuitry is therefore a gating 
channel which prevents any noise near the baseline 
from contaminating the data. The amount of hysteresis 
is twice the DC voltage on the Set Hysteresis pin. For 
Instance, if the voltage on the Set Hysteresis pin is 0.3V, 
the differential AC signal across the gate channel input 
must be larger than 0.6V before the comparator will 
change states. In this case, the hysteresis is 30% of a 2V 
peak to peak differential signal at the gate channel 
input. 



ABSOLUTE MAXIMUM RATINGS 

Supply Voltage 14V 

TTL Input Voltage 5.5V 

TTL Output Voltage 5.5V 

Input Voltage 5.5V 

Differential Input Voltage +3V 

^jA for 24-Pin Plastic DIP (Copper Lead Frame) .... 60°C/Watt 

^jA for 28-Pin PLCC (Copper Lead Frame) 60°C/Watt 

Storage Temperature Range -GS^C to +150*'C 



Absolute maximum ratings are those values beyond which the 
device could be permanently damaged. Absolute maximum ratings 
are stress ratings only and functional device operation is not 
implied. 
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DC ELECTRICAL CHARACTERISTICS 

Over recommended operating conditions of T^ = to 70°Q Vcc 
Reatd/Write = 0.8V unless otherwise noted. (All pin numbers refer 



= 12.0V + 10%, Vref = 0.5V, Set Hysteresis = O.Sy 
to DIP package.) 



SYMBOL 


PARAMETER 


MIN 


TYP 


MAX 


UNITS 


CONDITIONS 


AMPLIFIER 


ZiNAI 


Amp in Impedance 


0.8 


1.0 


1.5 


kQ 




AvMIN 


Min Voltage Gain 






6.0 


V/V 


AC Output 4Vp_p Differential 


AvMAX 


Max Voltage Gain 


180 






v/v 


AC Output 4Vp_p Differential 


VCAGC 


Voltage on Cagc 


2.8 


4.5 
3.4 


5.5 


V 
V 


Av = 6.0 
Av = 180 


GATE CHANNEL 


ZiNGCI 


Gate Channel Input Impedance 


1.75 


2.5 


3.25 


kQ 




■CAGC- 


Current that charges Cagc 


-1.5 


-2.5 


-3.5 


mA 


Pin 16 = 3.9V 

Pin 21 - Pin 22 = 1.3V 


ICAGC+ 


Current that discharges C^cc 




1 


5 


M 


Pin 16 = 5.0V 

Pin 21 - Pin 22 = 0.7V 


■vref 


Vref Input Bias Current 




-0.01 


-100 


M 




Vthagc 


AGC Threshold 


0.88 


1.0 


1.12 


V 


Pin 16 == 4.2V See Note 1 


ISH 


Set Hysteresis Bias Current 




-60 


-100 


//A 




Vthsh 


Set Hysteresis Threshold 


0.48 


0.6 


0.72 


V 


See Note 2 


TIME CHANNEL 


ZiNTC 


Time Channel Input Impedance 


3.5 


5 


6.5 


kO 




ICD 


Current into pins 1 & 24 that 
discharges Cp 


2.1 


2.7 


3.4 


mA 




WRITE MODE 


ZiNAI 


Amplifier Input Impedance in 
Write Mode 


100 




500 


O 


Pin 11 = 2V 


ICAGC 


Pin 16 Current in Write Mode 




1.0 


5.0 


^^ 


Pin 11 = 2V 

Pin 16 = 3.9V 

Pin 21 - Pin 22 = 1.3V 


DIGITAL PINS 


V,H 


High Level Input Voltage 


2.0 






V 


ML8464B: Pins 11, 13 


V,L 


Low Level Input Voltage 






0.8 


V 


ML8464C: Pin 11 


V, 


Input Clamp Voltage 






-1.5 


V 


Vcc = 10-8V, 1, = -18mA 


l|H 


High Level Input Current 






20 


M 


Vcc = 13.2V, V| = 2.7V 


l| 


Input Current at Maximum 
Input Voltage 






1 


mA 


Vcc = 13.2V, 
V| = 5.5V 


l|L 


Low Level Input Current 






-200 


M 


Vcc = 13.2V, V| = 0.5V 


VOH 


High Level Output Voltage 


2.4 






V 


Vcc = 10.8V, V,oH = -40//A 
See notes 3, 7 


Vol 


Low Level Output Voltage 






0.5 


V 


Vcc = 10-8V, Iql = SOOa/A/ see note 7 


Iqsc 


Output Short Circuit Current 






-100 


mA 


Vcc = 13.2V, Vo = OV 


Ice 


Supply Current 




54 


75 


mA 


Vcc = 13.2V 
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DC ELECTRICAL CHARACTERISTICS (Continued) 

Over recommended operating conditions of Ta = to 70°C, Vcc = 12.0V + 10%, Vref = O.SV, Set Hysteresis = 0.3M 
Read/Write = 0.8V unless otherwise noted. (All pin numbers refer to DIP package.) 



SYMBOL 



PARAMETER 



MIN 



TYP 



MAX 



UNITS 



CONDITIONS 



DIGITAL PINS (Continued) 



Vqhca 


Channel Alignment Pin Vqh 
ML8464B 
ML8464C 


2.4 


1.6 




V 
V 


(Note 3) 

loH = -40//A 

2kO Load to GND 


Volga 


Channel Alignment Pin Vql 
ML8464B 
ML8464C 




1.0 


0.4 


V 
V 


(Note 3) 

loL = 800//A 

2kO Load to GND 


Vqhtp 


Time Pulse Out Pin Vqh 
ML8464B 
ML8464C 


2.4 


9.6 




V 
V 


lOkQ Load to GND 
lOkQ Load to GND 


VOLTP 


Time Pulse Out Pin Vql 
ML8464B 
ML8464C 




8.6 


0.4 


V 
V 


lOkO Load to GND 
lOkQ Load to GND 



AC ELECTRICAL CHARACTERISTICS 

Over recommended operating temperature and supply range of Vcc = 10-8 to 13.2y T^ = to 70°C. 



SYMBOL 


PARAMETER 


MIN 


TYP 


MAX 


UNITS 


CONDITIONS 


ML8464-1 
tp_p 


Pulse Pairing 




±0.5 


±1.0 


ns 




ML8464-1.5 
tp_p 


Pulse Pairing^ 




+0.8 


±1.5 


ns 


f = 2.5MHz 

V,N = 40mVp_p differential 

See note 4 


ML8464-2 
tp_p 


Pulse Pairing 




±1.5 


±3.0 


ns 





Note 1: The AGC threshold is defined as the voltage across the gate channel input when the voltage on C^cc 's 4.2V. 

Note 2: The Set Hysteresis threshold is defined as the voltage across the gate channel input when the channel alignment output voltage 

changes state. 
Note 3: To prevent inductive coupling from the digital outputs to amplifier inputs, the TTL outputs should not drive more than one ALS TTL 

load. 
Note 4: The filter and differentiator network are described m the pulse pairing set-up. 
Note 5: All limits are guaranteed by 100% testing or alternate methods. 

Note 6: The 1.5 ns pulse pairihg specification is available only on the ML8464C, not the ML8464B. 
Note 7: ML8464B: Pins 12, 14, 15 

ML8464C: Pins 14 and 15 only. 
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0.3 V 
READ/WRITE 



PULSE PAIRING SET UP 



PARTS LIST 



R1 220Q 

R4 680Q 

R2, R3 240Q 

R5, R6 3.3kO 

R7 100kO 

L1 1.5//H 

L2, L3 4.7//H 



C1 82pF 

C2, C3, C6 0.01/yF 

C4 100pF 

C5 15pF 

C7, C8 0.0022a(F 

C9 47pF 



The connection between pins 12 and 13 is required only for the ML8464B. 



PULSE PAIRING MEASUREMENT 

The scope probe is connected to pin 14 (Encoded Data 
Out) and triggered off of its positive edge. The trigger 
holdoff is adjusted so that the scope first triggers off 
the pulse associated with the positive peak and then off 



the pulse associated with the negative peak. Pulse 
pairing is displayed on the second pair of pulses on the 
display. If the second pair of pulses are separated by 
6ns, then the pulse pairing for the part is ±3ns. 
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ML8464C 



TIME PULSE IN 
IS NO CONNECT 




TIME PULSE OUT 
(TEST POINT) 



VoH = 9.6V TYP 

Vol "= 8.6V 10K LOAD 



CHANNEL VoH = 1.6V TYP 

ALIGN (TEST POINT) Vql = 1.0V 2K LOAD 



ML8464B 




TIME PULSE OUT 
TTL 

Vol = .4V MAX 
VoH = 2.8V MIN 



^ TIME PULSE INPUT 



V|L = .8V MAX 
V|H = 2.4V MIN 



CHANNEL 
ALIGN OUT TTL 



Micro Linear 
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DIFFERENCES BETWEEN ML8464C AND ML8464B 



THE EXTERNAL DELAY 

The ML8464B open circuits the digital signal at pins 12 
and 13. This allows for the insertion of an external 
delay filter. The ML8464C has no TTL buffers at these 
pins and closes the signal path internally bringing out a 
test point at pin 12. Hence, the ML8464 does not allow 
for the external delay. 

TEST POINTS 

The ML8464B has two TTL test points at pins 12 and 15. 
The ML8464C uses open emitter followers in an ECL 
configuration. Hence, the voltage levels are not similar 
at pins 12 and 15 on both devices. The typical voltage 
level at pins 12 are Vqh = 9.6V, Vql = 8.6V and at pin 
15 are Vqh = 1.6V, Vql = 1-OV 



AGC GAIN CONTROL FACTOR 

The AGC reference level is a DC voltage externally set 
at Vref (pin 4). Increasing this DC voltage will increase 
the gain of the gain controlled amplifier. 

AGC gain control factor = 

VouT PEAK = peak of the AGC amp 

5 for ML8464B 



AGC gain control factor = 



2.5Vpp 

0.5Vdc 
2.QVpp 

0.5Vdc 



4 for ML8464C 



Thus, at Vref = 0.5Vdc. Vqut AGC = 2.5V for ML8464B 
and 2.0V for ML8464C. This smaller signal amplitude 
should be taken into consideration at the hysteresis 
comparator. To set the desired amount of hysteresis, 
and external DC control voltage is used. The particular 
settings for Vref and control voltage at pin 3 that 
optimizes the ML8464B performance may not 
necessarily optimize the ML8464C performance. 



ORDERING INFORMATION 



ORDERING 






TEMPERATURE 




NUMBER 


PACKAGE 


PIN COUNT 


RANGE 


PULSE PAIRING 


ML8464C-1CP 


Plastic DIP 


24 Pins 


0° to 70°C 


+1ns 


ML8464C-1CQ 


PLCC 


28 Pins 


0° to 70°C 


±1ns 


ML8464C-1.5CP 


Plastic DIP 


24 Pins 


0° to 70°C 


+1.5ns 


ML8464C-1.5CQ 


PLCC 


28 Pins 


0° to 70°C 


±1.5ns 


ML8464C-2CP 


Plastic DIP 


24 Pins 


0° to 70°C 


±3ns 


ML8464C-2CQ 


PLCC 


28 Pins 


0° to 70°C 


+3ns 


ML8464B-1CP 


Plastic DIP 


24 Pins 


0° to 70°C 


±1ns 


ML8464B-1CQ 


PLCC 


28 Pins 


0° to 70*>C 


+1ns 


ML8464B-2CP 


Plastic DIP 


24 Pins 


0° to 70^C 


±3ns 


ML8464B-2CQ 


PLCC 


28 Pins 


0° to 70'»C 


+3ns 
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Power Supply ICs 



Section 6 



Selection Guide 6-1 

ML1825 High Frequency Power Supply Controller 6-2 

ML4809 High Frequency Current Mode PWM Controller 6-9 

ML4810 High Frequency Current Mode PWM Controller 6-20 

ML4811 High Frequency Current Mode PWM Controller 6-20 

ML4812 Power Factor Controller 6-27 

ML4812 Power Factor Controller Evaluation Kit 6-41 

ML4813 Flyback Power Factor Controller 6-42 

ML4815 Zero Voltage Switching Resonant Controller 6-54 

ML4816 High Frequency Multi-Mode Resonant Controller 6-67 

ML4817 High Frequency Single Ended PWM Controller 6-69 

ML4818 Phase Modulation/Soft Switching Controller 6-70 

ML4819 Power Factor and PWM Controller "Combo" 6-71 

ML4823 High Frequency Current Mode PWM Controller 6-85 

ML4825 High Frequency Current Mode PWM Controller 6-92 

FB3480 High Frequency Power Supply Controller Array 6-99 

FB3490 General Purpose PWM Controller Array 6-110 

FB3491 Resonant Mode Controller Array 6-111 

FB3492 Phase Modulation Controller Array 6-112 
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Ji^ Micro Linear 



Power Supplies 



Selection Guide 



Micro Linear offers high performance Switch Mode 
Power Supply IC controllers for PWM, Resonant and 
Power Factor Correction. These PWM IC's are the 
highest frequency ICs available and include unique 
features for enhanced stability, easy synchronization 
and improved fault management. These controller IC's 
can be tailored to meet your unique design 
requirements using Micro Linear's array-based Semi- 
Standard capability. 

For Power Factor Correction, three IC's are available to 
meet the needs of a variety of different applications. 
Boost and Buck Boost dedicated PFC control IC's are 
available. Also, a new IC, the ML4819, combines a 
boost PFC stage with a Current Mode PWM control 
section. This new "Combo" controller is the first IC 
available which controls an entire PFC corrected 
power supply on a single chip. 



Two new resonant controllers are now available, one 
for zero voltage switching and one multi-mode 
controller. Both IC's offer unique overload protection 
features, high current output drivers, and low cross 
conduction. The multi-mode controller supports both 
series resonant converters operating above resonance 
and ZCS topologies. 

A new phase modulating soft switching controller, the 
ML4818 is also available. This new topology combines 
the low dynamic losses of resonant switching with the 
advantages of square wave PWM's low conduction 
losses and energy transfer efficiency. 

These IC's are available in Commercial (0°C to 70°C), 
Industrial (-40°C to +85°C) and Military (-55°C to 
+125°C) temperature ranges in both DIP and Surface 
Mount packages. 



POWER FACTOR CONTROLLERS 

• ML4812 General Purpose Boost Mode 

• ML4813 Flyback Converter for Low Power Systems 

• ML4819 Boost PFC and PWM "Combo" 

PULSE WIDTH MODULATION IC's 

• 1 MHz Operation 

• Voltage Mode or Current Mode Operation 

• High Current (2A peak) High Speed Totem Pole 
Outputs 

• Precision (+1%) 5.1V Reference 

• Soft Start Latch Ensures Full Soft Start Cycle 



PWM CONTROLLER SELECTION GUIDE 



HIGH FREQUENCY RESONANT CONTROLLERS 

ML4815 Single Ended Zero Voltage Switching Controller 

• Ideal for Low Input Voltage DC to DC Converter 
Modules 

• Operation to 1.5MHz 

ML4816 Multi-Mode Push-Pull Resonant Controller 

• Supports All Major Topologies: ZVS and ZCS 

• Constant Off-Time or Constant On-Time Control 

ML4818 Phase Modulation Soft Switching Controller 

• Four 2A Totem Pole Outputs 

• Zero Voltage Switching 

• Integrating Fault Detection 



FEATURE 


ML4809 


ML4810 


ML4811 


ML4817 


ML4823 


ML4825 


Push/Pull 


X 


X 


X 






X 


Single Ended 








X 


X 




Integrating Fault Detection 




X 


X 








Reset Delay 






X 


X 






OVP Comparator 






X 








Precise Duty Cycle Limit 








X 






Oscillator Sync Input 






X 








VCO 


X 












Blanker 


X 












Slope Compensation 


X 












Separate Error Amp 


X 















Ji^ Micro Linear 



6-1 



j^ Micro Linear 



September 1990 

MU825 



High Frequenq^ Power Supply Controller 



GENERAL DESCRIPTION 

The ML1825 High Frequency PWM Controller is an iC 
controller optimized for use in Switch Mode Power 
Supply designs running at frequencies to 1MHz. 
Propagation delays are minimal through the 
comparators and logic for reliable high frequency 
operation while slew rate and bandwidth are 
maximized on the error amplifier. This controller is 
designed to work in either voltage or current mode 
and provides for input voltage feed forward. 

A IV threshold current limit comparator provides 
cycle-by-cycle current limit while exceeding a 1.4V 
threshold initiates a soft-start cycle. The soft start pin 
doubles as a maximum duty cycle clamp. All logic is 
fully latched to provide jitter-free operation and 
prohibit multiple pulsing. An under-voltage lockout 
circuit with 800mV of hysteresis assures low startup 
current and drives the outputs low. 



The ML1825 is fabricated on a 40V bipolar process 
from the FB3480 Power Supply Controller Array. 
Customized versions of this controller are therefore 
easily implemented. Please refer to the FB3480 
datasheet for more information. 

This controller is a pin for pin replacement for the 
UC1825 controller. 

FEATURES 

■ Practical Operation at Switching Frequencies to 1.0MHz 

■ High Current (2A peak) Dual Totem Pole Outputs 

■ Wide Bandwidth Error Amplifier 

■ Fully Latched Logic with Double Pulse Suppression 

■ Pulse-by-Pulse Current Limiting 

■ Soft Start and Max. Duty Cycle Control 

■ Under Voltage Lockout with Hysteresis 

■ 5.1V, ±1% Trimmed Bandgap Reference 

■ Pin Compatible Replacement for UC1825 



BLOCK DIAGRAM 
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PIN CONNECTION 



ML1825 
16-Piii DIP 




PIN DESCRIPTION 








PIN tt 


NAME 


FUNCTION 


PIN # 


NAME 


FUNCTION 


1 


INV 


Inverting input to error amp. 


9 


l(LIM)/S.D. 


Current limit sense pin. Normally 


2 


Ml 


Non-inverting input to error amp. 






connected to current sense 
resistor. 


3 


E/A OUT 


Output of error amplifier and 
input to main comparator. 


10 


GND 


Analog Signal Ground. 


4 


CLOCK 


Oscillator output. 


11 


OUT A 


High Current Totem pole output. 
This output is the first one 


5 


R(T) 


Timing Resistor for Oscillator — 
sets charging current for oscillator 
timing capacitor (pin 6). 






energized after Power On Reset. 






12 


PWR GND 


Return for the High Current 
Totem pole outputs. 


6 


C(T) 


Timing Capacitor for Oscillator. 












13 


Vc 


Positive Supply for the High 


7 


RAMP 


Non-Inverting input to main 






Current Totem pole outputs. 






comparator. Connected to C(T) for 
Voltage Mode operation or to 


14 


OUT B 


High Current Totem pole output. 






current sense resistor for current 


15 


Vcc 


Positive Supply for the IC. 






mode. 


16 


5.1V REF 


Buffered output for the 5,1V 


8 


SOFT START 


Normally connected to Soft Start 






voltage reference. 



Capacitor. 
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ML1825 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage (Pins 15, 13) 30V 

Output Current, Source or Sink (Pins 11, 14) 

DC 0.5A 

Pulse (0.5//S) 2.0A 

Analog Inputs 

(Pins 1,2,7) -03Vto7V 

(Pins9,8) -0.3Vto6V 

Clock Output Current (Pin 4) -5mA 

Error Amplifier Output Current (Pin 3) 5mA 

Soft Start Sink Current (Pin 8) 20mA 

Oscillator Charging Current (Pin 5) -5mA 

junction Temperature 

ML4825M 150°C 

ML4825I, ML4825C 125°C 

Storage Temperature Range -65*'C to +150°C 

Lead Temperature (Soldering 10 sec.) +260°C 

Thermal Resistance (^j^) 

Ceramic DIP 65°C/W 



OPERATING CONDITIONS 

Temperature Range 

ML1825M -55°C to +125°C 

Absolute maximum ratings are those values beyond which the 
device could be permanently damaged. Absolute maximum ratings 
are stress ratings only and functional device operation is not 
implied. 



ELECTRICAL CHARACTERISTICS 

Unless otherwise specified, Rj = 3.65KQ, Cj = lOOOpF, Ta = Operating Temperature Range, Vcc = 


15V. 




PARAMETER 


CONDITIONS 


MIN 


TVP 


MAX 


UNITS 


Oscillator 


Initial Accuracy 


Tj = 25°C, (note 1) 


360 


400 


440 


KHz 


Voltage Stability 


10V < Vcc < 30V, (notel) 




0.2 


2- 


% 


Temperature Stability 


(note 1) 




5 




% 


Total Variation 


line, temp, (note 1) 


340 




460 


KHz 


Clock Out High 




3.9 


4.5 




V 


Clock Out Low 






2.3 


2.9 


V 


Ramp Peak 


(note 1) 


2.6 


2.8 


3.0 


V 


Ramp Valley 


(note 1) 


0.7 


1.0 


1.25 


V 


Ramp Valley to Peak 


(note 1) 


1.6 


1.8 


2.0 


V 


Reference Section 


Output Voltage 


Tj = 25°C, lo = 1mA 


5.05 


5.10 


5.15 


V 


Line Regulation 


10V < Vcc < 30V 




2 


20 


mV 


Load Regulation 


1mA <lo< 10mA 




5 


20 


mV 


Temperature Stability 


-55°C < Tj < ISO^'C, (notel) 




.2 


.4 


% 


Total Variation 


line, load, temp (note 1) 


5.0 




5.20 


V 


Output Noise Voltage 


10Hz to lOKHz 




50 




A/V 


Long Term Stability 


Tj = 125''C, 1000 hrs, (note 1) 




5 


25 


mV 


Short Circuit Current 


Vref = OV 


-15 


-50 


-100 


mA 


Error Amplifier Section 


Input Offset Voltage 








10 


mV 


Input Bias Current 






.6 


3 


M 


Input Offset Current 






.1 


1 


M 


Open Loop Gain 


1 < Vo < 4V 


60 


95 




dB 
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ELECTRICAL CHARACTERISTICS (Continued) 

Unless otherwise specified, Rj = 3.65KQ, Cj = lOOOpF, Ta = Operating Temperature Range, Vcc = 15V. 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Error Amplifier Section (Continued) 


CMRR 


1.5 < VcM < 5.5V 


75 


95 




dB 


PSRR 


10 < Vcc < 30V 


85 


110 




dB 


Output Sink Current 


VpiN 3 = 1V 


1 


2.5 




mA 


Output Source Current 


VpiN 3 = 4V 


-.5 


-1.3 




mA 


Output High Voltage 


IpiN 3 = -0.5mA 


4.0 


4.7 


5.0 


V 


Output Low Voltage 


lpiN3 = 1mA 





0.5 


1.0 


V 


Unity Gain Bandwidth 


(note 1) 


3 


5.5 




MHz 


Slew Rate 


(note 1) 


6 


12 




y/fjs 


PWM Comparator Section 


Pin 7 Bias Current 


VpiN 7 = OV 




-1 


-5 


M 


Duty Cycle Range 









80 


% 


Pin 3 Zero DC Threshold 


Vp,N 7 = OV 


1.1 


1.25 




V 


Delay to Output 


(note 1) 




50 


80 


ns 


Soft-Start Section 


Charge Current 


Vp,N 8 = 0.5V 


3 


9 


20 


M 


Discharge Current 


Vp,N 8 = 1V 


1 






mA 


Current Limit/ Shutdown Section 


Pin 9 Bias Current 


OV < VpiN 9 < 4V 






+15 


M 


Current Limit Threshold 




.9 


1 


1.1 


V 


Shutdown Threshold 




1.25 


1.4 


1.55 


V 


Delay to Output 


(note 1) 




50 


80 


ns 


Output Section 


Output Low Level 


louT = 20mA 




.25 


.4 


V 


louT = 200mA 




1.2 


2.2 


V 


Output High Level 


louT = -20mA 


13.0 


13.5 




V 


Iqut = -200mA 


12.0 


13.0 




V 


Collector Leakage 


Vc = 30V 




100 


500 


M 


Rise/Fall Time 


Cl = lOOOpF, (note 1) 




30 


60 


ns 


Under-Voltage Lockout Section 


Start Threshold 




8.8 


9.2 


9.6 


V 


UVLO Hysteresis 




•4 


.8 


1.2 


V 


Supply Current 


Start Up Current 


Vcc = 8V 




1.1 


2.5 


mA 


Ice 


VpiN 1, 7, 9 = Oy VpiN 2 = iv, 




22 


33 


mA 



Note 1: This parameter not 100% tested in production but guaranteed by design. 
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ML1825 

FUNCTIONAL DESCRIPTION 

OSCILLATOR 

The ML1825 oscillator charges the external capacitor 
(Cj) with a current (Iset) equal to 3/Rset- When the 
capacitor voltage reaches the upper threshold (Ramp 
Peak), the comparator changes state and the capacitor 
discharges to the lower threshold (Ramp Valley) through 
Q1. While the capacitor is discharging, Q2 provides a 
high pulse. 

The Oscillator period can be described by the 
following relationship: 

Tosc = Tramp + Tqeadtime 
where: Tramp = C (Ramp Valley to Peak)/ Iset 
and: Tqeadtime = C (Ramp Valley to Peak)/lQi 
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Figure 3. Oscillator Deadtime vs Frequency 
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Figure 1. Oscillator Block Diagram 



Figure 4. Oscillator Deadtime vs C(T) (SKQ < R(T) < lOOKO) 

ERROR AMPLIFIER 

The ML1825 error amplifier is a 5.5MHz bandwidth 
12V///S slew rate op-amp with provision for limiting the 
positive output voltage swing (Output Inhibit line) for 
ease in implementing the soft start function. 
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Figure 2. Oscillator Timing Resistance vs Frequency 



Figure 5. Unity Gain Slew Rate 
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Figure 6. Open Loop Frequenq^ Response 

OUTPUT DRIVER STAGE 

The ML1825 Output Driver is a 2A peak output high 
speed totem pole circuit designed to quickly switch the 
gates of capacitive loads, such as power MOSFET 
transistors. 
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Figure 7. Simplified Schematic 
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Figure 11. Supply Current vs Temperature 

SOFT START AND CURRENT LIMIT 

The ML1825 employs two current limits. When the 
voltage at pin 9 exceeds iy the outputs are 
immediately shut off and the cycle is terminated for the 
remainder of the oscillator period by resetting the RS 
flip flop. 

If the output current is rising quickly such that the 
voltage on pin 9 reaches 1.4V before the outputs have 
turned off, a soft start cycle is initiated and the soft start 
capacitor (pin 8) is discharged. The duty cycle on start 
up is limited by limiting the output voltage of the error 
amplifier voltage to the voltage at pin 8. 



Figure 8. Saturation Curves 
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ORDERING INFORMATION 



PART NUMBER 


TEMPERATURE 
RANGE 


PACKAGE 


ML1825MJ 


-55°C to +125°C 


Hermetic DIP 
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^ Micro 



May 1990 
PRELIMINARY 

ML4809 



High Frequenq^ PWM Controller 



GENERAL DESCRIPTION 

The ML4809 High Frequency PWM Controller is a full- 
featured IC controller optimized for use in Switch 
Mode Power Supply designs running at frequencies to 
1MHz. Propagation delays are minimized while slew 
rate and bandwidth are maximized for reliable high 
frequency operation. This controller is designed to 
work in either voltage or current mode and provides 
for input voltage feed forward. 

A 1.1V threshold current limit comparator provides 
cycle-by-cycle current limit while exceeding a 1.5V 
threshold initiates a soft-start cycle. The soft start pin 
doubles as a maximum duty cycle clamp. All logic is 
fully latched to provide jitter-free operation and 
prohibit multiple pulsing. An under-voltage lockout 
circuit with 7V of hysteresis assures low startup current 
and drives the outputs low. 

The ML4809 is fabricated on a 40V bipolar process 
from the FB3480 Power Supply Controller Array. 
Customized versions of this controller are easily 
implemented. This controller is similar to the UC1825 
controller, however the ML4809 includes many features 
not found on the 1825. These features are set in Italics. 



FEATURES 

■ Practical Operation at Switching Frequencies to 1.0MHz 

■ High Current (2A peak) Dual Totem Pole Outputs 

■ Wide Bandwidth Error Amplifier 

■ Fully Latched Logic with Double Pulse Suppression 

■ Pulse-by-Pulse Current Limiting 

■ Soft Start and Max. Duty Cycle Control 

■ 5.iy ±1% Trimmed Bandgap Reference 

■ Under Voltage Lockout: 16V Start with 7V Hysteresis 

■ Programmable Ramp Compensation Circuit 

m VCO Input for Synchronization or Frequency Control 

m External Clock Input for Synchronization 

u Toggle Preset for Synchronization 

m Comparator Blanker for Better Noise Immunity/Stability 

■ Separate Error Amplifier Output Pin for Loop Filtering 
Versatility 

■ Fast Shut Down Path from Current Limit to Outputs 
m Outputs Preset to Known Condition After Under 

Voltage Lockout 
m Soft Start Latch Ensures Full Soft Start Cycle 
m Programmable Soft Start Delay 
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PIN CONNECTIONS 



ML4809 
24-Pm DrP 



ML4809 
28-Pln PCC 



INV[ 


1 


"TIT^ 


24 


] PRESET TOGGLE 


Nl[ 


2 




23 


] RAMP COMP 


E/A OUT [ 


3 




22 


] 5.1V REF 


CMP IN [ 


4 




21 


Jvcc 


V(VCO) [ 


5 




20 


]0UTB 


CLOCK IN [ 


6 




19 


] POWER Vc 


CLOCK OUT [ 


7 




18 


] PWR GND 


Ra)[ 


8 




17 


] OUT A 


C(D[ 


9 




16 


] SIGNAL GND 


RAMP [ 


10 




15 


] l(LIM)/S.D. 


SOFT START [ 


11 




14 


1 RC (BLANK) 


RESET DEIAY [ 


12 




13 


]Q-FF 



CMP IN [ 

V(VCO) [ 

CLOCK IN [ 

CLOCK OUT [ 

NC[ 9 
R(D [ 10 

C(d[ 



PRESET TOGGLE 
NC INV I RAMP COMP 

E/A OUtJt NI jr j i 5.1V REF 






1 



28 27 26 T„ 

25 JVCC 



11 
12 13 14 15 16 

I — II — II — I L_J I — I 



Tsi 



\ I Q-FF ♦ XL'iy*)^ 



START J ^"'^•^ I S.D. 
RAMP RESET RC NC 

DELAY (BLANK) 



24 ] OUT B 
23 ] POWER Vc 
22 ] POWER GND 
21 ] OUT A 
20 ]nC 
18^ ] SIGNAL GND 



TOP VIEW 



PIN DESCRIPTION 



PIN # 



9 
10 



11 



12 



NAME 



FUNCTION 



1 


INV 


2 


NI 


3 


E/A OUT 


4 


CMP IN 


5 


V(VCO) 



CLOCK IN 



CLOCK OUT 



Inverting input to error amp. 

Non-inverting Input to error amp. 

Output of error amplifier. 

Main Comparator Input. 

A control voltage input which sets 
the VCO frequency. May be tied 
to 5.1V REF (22) for fixed 
frequency operation. 

A "1" level blanks the outputs and 
prepares the chip for the next 
cycle by toggling the T flip flop. 

Oscillator output. This is an 
emitter follower output. 

Timing Resistor for Oscillator — 
sets charging current for oscillator 
timing capacitor (pin 9). 

Timing Capacitor for Oscillator. 

Non-Inverting input to main 
comparator. Connected to C(T) for 
Voltage Mode operation or to 
current sense resistor for current 
mode. 

SOFT START Normally connected to Soft Start 
Capacitor. 

RESET DELAY Connect to capacitor for time 

delay before new soft-start cycle 
begins after 1.4V current limit is 
reached. 



R(T) 

C(T) 
RAMP 



PIN # 



NAME 



FUNCTION 



13 


Q-FF 


14 


RC (BLANK) 


15 


l(LIM)/S.D. 


16 


GND 


17 


OUT A 


18 


PWR GND 


19 


POWER Vc 


20 


OUTB 


21 


Vcc 


22 


5.1V REF 


23 


RAMP COMP 


24 


PRESET 




TOGGLE 



An Emitter Follower output which 
is High for B active. 

Connect resistor and capacitor to 
ground for blanker function. 

Current limit sense pin. Normally 
connected to sense resistor. 

Analog Signal Ground. 

High Current Totem pole output. 
This output is the first one 
energized after Power On Reset. 

Return for the High Current 
Totem pole outputs. 

Positive Supply for the High 
Current Totem pole outputs. 

High Current Totem pole output. 

Positive Supply for the IC 

Buffered output for the 5.1V 
voltage reference. 

Connect resistor to GND for ramp 
compensation. 

Presets the toggle flip-flop. Tie to 
GND to disable. 
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ABSOLUTE MAXIMUM RATINGS 

Supply Voltage (Pins 21, 19) 36V 

Output Current, Source or Sink (Pins 17, 20) 

DC 0.5A 

Pulse {0.5/JS) 2.0A 

Input Voltage 

(Pins 1, 2, 4, 5, 10) -0.3V to TV 

(Pins 8, 9, 11, 12, 15, 24) -03V to 6V 

Logic Output Current (Pins 7, 13) -5mA 

Blanker Charge Current (Pin 14) -5mA 

Error Amplifier Output Current (Pin 3) 5mA 

Soft Start Sink Current (Pin 11) 20mA 

Oscillator Charging Current (Pin 8) -5mA 

Junction Temperature 

ML4809M 150°C 

ML4809I, ML4809C 125°C 

Storage Temperature Range -65°C to +150°C 

Lead Temperature (Soldering 10 sec.) +260°C 



Thermal Resistance (^j^) 

Plastic DIP 50°C/W 

Ceramic DIP 55°C/W 

Plastic Chip Carrier (PCC) SS^'C/W 

OPERATING CONDITIONS 

Temperature Range 

ML4809M -SS'^C to +125°C 

ML4809I -40*'C to +85''C 

ML4809C 0°C to +70*'C 



Absolute maximum ratings are those values beyond which the 
device could be permanently damaged. Absolute maximum ratings 
are stress ratings only and functional device operation is not 
implied. 



ELECTRICAL CHARACTERISTICS 

Unless otherwise specified, Rj = 6.2KO, Cj = lOOOpF, V(VCO) = Vref, Rl (Pins 7, 13) = 5KQ, 
Ta = Operating Temperature Range, Vcc = 'J5V. (note 3) 



PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Oscillator 


Initial Accuracy 


Tj = 25°C, (note 1) 


360 


400 


440 


KHz 


Voltage Stability 


10V < Vcc < 30V, (note 1) 




0.2 


2 


% 


Temperature Stability 


(note 1) 






5 


% 


Total Variation 


line, temp, (note 1) 


340 




460 


KHz 


Clock Out High 




3.9 


4.5 




V 


Clock Out Low 






2.3 


2.9 


V 


Ramp Peak 


(note 1) 


2.6 


2.8 


3.0 


V 


Ramp Valley 


(note 1) 


0.7 


1.0 


1.25 


V 


Ramp Valley to Peak 


(note 1) 


1.6 


1.8 


2.0 


V 


V(VCO) Control Range 




1 




5.5 


V 


Reference Section 


Output Voltage 


ML4809C 


T, = 25°C, lo = 1mA 


5.00 


5.10 


5.20 


V 


ML4809M, ML4809I 




5.05 


5.10 


5.15 


V 


Line Regulation 


10V < Vcc < 30V 




2 


20 


mV 


Load Regulation 


1mA <Io< 10mA 




5 


20 


mV 


Temperature Stability 


-55°C < Tj < ISO^'C, (note 1) 




.2 


.4 


mV/°C 


Total Variation 


ML4809C 


line, load, temp, (note 1) 


4.95 




5.25 


V 


ML4809M, ML4809I 




5.0 




5.20 


V 


Output Noise Voltage 


10Hz to lOKHz 




50 




/iV 


Long Term Stability 


Tj = 125°C, 1000 hrs, (note 1) 




5 


25 


mV 


Short Circuit Current 


Vref = OV 


-15 


-50 


-100 


mA 


Under-Voltage Lockout Section 


Start Threshold 




15 


16 


17 


V 


UVLO Hysteresis 




6.5 


7 


75 


V 
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ELECTRICAL CHARACTERISTICS (Continued) 

Unless otherwise specified, Rj = 6.2KQ, Cj = lOOOpF, V(VCO) = Vref, Rl (Pins 7, 13) 
Ta = Operating Temperature Range, V^c = 15V. (note 3) 



SKQ, 



PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Error Amplifier Section 


Input Offset Voltage 


ML4809C 








15 


mV 


ML4809M, ML4809I 








10 


mV 


Input Bias Current 






.6 


3 


M 


Input Offset Current 






.1 


1 


M 


Open Loop Gain 


1 < Vo < 4V 


60 


96 




dB 


CMRR 


1.5 < VcM < 5.5V 


75 


95 




dB 


PSRR 


10 < Vcc < 30V 


80 


110 




dB 


Output Sink Current 


Vp,N 3 = 1V 


1 


2.5 




mA 


Output Source Current 


Vp,N 3 = 4V 


-.5 


-1.3 




mA 


Output High Voltage 


IpiN 3 = -0.5mA 


4.0 


4.7 


5.0 


V 


Output Low Voltage 


■pin 3 = 1mA 





0.5 


1.0 


V 


Unity Gain Bandwidth 


(note 1) 


3 


5.5 




MHz 


Slew Rate 


(note 1) 


6 


12 




V///S 


PWM Comparator Section 


Pin 10 Bias Current 


VpiN 10 = Oy VpiN 23 = open, 
Vp,N 9 = 2V 




-1 


-5 


M 


Duty Cycle Range 









75 


% 


Pin 4 Zero DC Threshold 


Vp,N 7 = OV 


1.1 


1.25 




V 


Delay to Output 


(note 1) 




50 


80 


ns 


Ramp Compensation 


Pin 10 Current 


Vp,N 9 = 2y Rp,N 23 = 6.8KQ 


265 


295 


325 


//A 


Soft-Start/ Reset Delay Section 


Charge Current (Pin 11) 


Vp,N 11 = 0.5V 


3 


9 


20 


M 


Discharge Current (Pin 11) 


VpiN 11 = IV 


1 






mA 


Discharge Current (Pin 12) 


VpiN 12 = 1V 


3 


9 


20 


M 


Charge Current (Pin 11) 


Vp,N 12 = 0.5V 


1 






mA 


Current Limit/ Shutdown Section 


Pin 15 Bias Current 


ML4809C 


OV < Vp,N 15 < 4V 






+15 


M 


ML4809M, ML4809I 


OV < Vp,N 15 < 4V 






+10 


M 


Current Limit Threshold 




1.0 


1.1 


1.2 


V 


Shutdown Threshold 




1.35 


1.50 


1.65 


V 


Delay to Output 


(note 1) 




40 


70 


ns 


Blanker Section 


Tblank 


(note 1), RC = 5.1 KQ, 68pF 


80 


100 


120 


ns 
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ELECTRICAL CHARACTERISTICS (Continued) 

Unless otherwise specified, Rj = 6.2KQ, Cj = lOOOpF, V(VCO) = Vref, Rl (P'ns 7, 13) 
Ta = Operating Temperature Range, Vcc = 15V (note 3) 



5K0, 



PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Output Section 


Output Low Level 


louT = 20mA 




.25 


.4 


V 


louT = 200mA 




1.2 


2.2 


V 


Output High Level 


Iqut = -20mA 


13.0 


13.5 




V 


louT = -200mA 


12.0 


13.0 




V 


Collector Leakage 


Vc = 30V 




100 


500 


M 


Rise/Fall Time 


Cl = lOOOpF, (note 1) 




30 


60 


ns 


Logic Inputs/Outputs 


Pin 24 Threshold 


(note 2) 




Vref - -98 




V 


Pin 13 VoH 


(note 2) 




Vref - .65 




V 


Pin 13 Vol 


(note 2) 




Vref - 1.3 




V 


Supply Current 


Start Up Current 


Vcc = 8V 




1.1 


2.5 


mA 


Ice 


Vp,N 1, 10, 15 = Oy Vp,N 2 = iv 
Ta = 25°C 




29 


38 


mA 



Note 1: This parameter not 100% tested in production but guaranteed by design. 

Note 2: The thresholds on the logic input pins are set by a reference generator that is: Vjn = Vr^p - (1.5 * Vbe). The logic outputs swing from: 

Vqh '^ Vref - Vbe to Vql = V^gp - 2 * Vbe- Vbe 's nominally .65V and varies with temperature. Logic inputs and outputs will track each 

other with temperature variation. 
Note 3: Since the Under Voltage Lockout start-up threshold is 16V, the supply is first raised to 20V to activate the IC and then lowered to 15V 

to conduct the electrical testing. 



FUNCTIONAL DESCRIPTION 

OSCILLATOR 

The ML4809 Voltage Controlled Oscillator charges the 
external capacitor (Cj) with a current (Icharge) equal 
to V(VCO)/Rt. VVhen the capacitor voltage reaches the 
upper threshold (Ramp Peak), the comparator changes 
state and the capacitor discharges to the lower 
threshold (Ramp Valley) through Q1. While the 
capacitor is discharging, Q2 provides a high pulse. For 
Fixed Frequency Operation, V(VCO) can be tied to 
Vref. 

The Oscillator period can be described by the 
following relationship: 

Tosc = Tramp + Tqeadtime 

where: Tramp = C (Ramp Valley to Peak)/lcHARGE 

and: Tqeadtime = C (Ramp Valley to Peak)/lDis 

An approximate expression for the oscillator 
frequency in fixed frequency operation (where V(VCO) 
= Vref) is: 

2.48 

Fosc ^^ 

RtCt 




CLOCK 



Id 

RAMP PEAK 
Ct 



^ 



RAMP VALLEY 



Figure 1. Osdilator Block Diagram 
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Figure 2. Timing Resistance vs Frequency (V(VCO) = 5.1V) 
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Figure 3. Oscillator Frequency vs V(VCO) 
(RC = 6.2KQ, lOOOpF) 
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Figure 4. Oscillator Deadtime vs Frequency (V(VCO) = 5.1V) 

ERROR AMPLIFIER 

The ML4809 error amplifier is a 3.5MHz bandwidth 
6V//ys slew rate op-amp with provision for limiting the 



22 
10 

^ 4.7 
& 2.2 














/ 














/ 












/ 












/ 












/ 
















/ 








.47 






/ 












, 
/ 












.22 




/ 













.47 1.0 2.2 4.7 10.0 22 47 100 
Ct (nF) 

Figure 5. Oscillator Deadtime vs C(D (3KQ < R(D < lOOKQ) 



positive output voltage swing (Output Inhibit line) for 
ease in implementing the soft start function. 
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Figure 6. Unify Gain Slew Rate 
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Figure 7. Open Loop Frequency Response 
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OUTPUT DRIVER STAGE 

The ML4809 Output Driver is a 2A peak output high 
speed totem pole circuit designed to drive capacitive 
loads, such as power MOSFET transistors. 
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Figure 8. Saturation Curves 
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Figure 9. Simplified Schematic 

SOFT START, CURRENT LIMIT, AND RESET DELAY 

The ML4809 employs two current limits. When the 
voltage at pin 15 (l(LIM)/S.D.) exceeds 1.iy the outputs 
immediately pull low and the cycle is terminated for 
the remainder of the oscillator period by resetting the 
RS flip flop. 

If the output current is rising quickly (usually due to 
transformer saturation) such that the voltage on pin 15 
reaches 1.5V before the outputs have turned off, a soft 
start cycle is initiated. The soft start capacitor (pin 11) is 
discharged and outputs are held "off" until the voltage 
at pin 11 reaches 1.1V, ensuring a complete soft start 
cycle. The duty cycle on start up is limited by limiting 
the output voltage of the error amplifier voltage to the 
voltage at pin 11. 
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Figure 10a. Rise/Fall Time (Cl = lOOOpF) 
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Figure 10b. Rise/Fall Time (Cl = lOOOOpF) 
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Figure 11. Supply Current vs. Temperature 



The ML4809 also includes a delay circuit which inhibits 
the outputs from coming on until a time determined 
by the RESET DELAY capacitor on pin 12. This capacitor 
is normally charged to a voltage equal to VpiN ^^ - TV 
and is limited to Vref- After the 1.5V limit is reached, 
the capacitor is allowed to slowly discharge through the 
9//A current sink. When this capacitor and the Soft Start 
Capacitor both have discharged to 1.1V, the outputs are 
enabled and the new soft start cycle begins. During 
Under Voltage Lockout, both capacitors will be 
discharged to prepare for a new cycle. 

Since the emitter follower which drives pin 12 presents 
a load on Pin 11, the Soft Start Capacitor's effective 
value will be increased by: 

CeFFECT = CpiN 11 + (CpiN 12/^) 
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where )S varies from 50 to 250. Should this cause 
unacceptable variation on the soft start capacitor value, 
this effect can be mitigated by connecting a resistor 
from Vref to pin 11 to charge the Soft Start Cap (select 
a resistor which keeps the charge current below 2mA). 




Figure 12. Normal (Cycle by Cycle) and "Runaway" 
Current Timing 



RAMP COMPENSATION 

In order to allow stable operation of a current mode 
regulator above 50% duty cycle, some of the oscillator 
ramp needs to be added to the current signal. 

Notice that the waveform of (1) and the waveform of 
ramp (2) have different average current values. (1) is an 
example of a waveform for high line and (2) an 
example of low line. Since the controllers all regulate 
based on the peak value of the current in the circuit, 
and the control variable really wants to be the average 
current, adding some of the oscillator ramp to 
comparator input (shown here for clarity as a 
subtraction of the comparator reference input, which is 
the output of the error amplifier) allows the peak 
current control to more closely approximate the 
average current. 
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Figure 13. Current Limit, Soft Start and Reset Delay 

UNDERVOLTAGE LOCKOUT 

In the circuit in Figure 14, the ML4809 remains in a low 
quiescent drain (1.1mA) during 11 while CI charges 
through R(S) to 16V. After Vcc rises to 16V the ML4809 
begins running. CI provides the energy needed to run 
the gate drive and ML4809 until the auxiliary winding 
can provide sustaining energy for the control circuit, 
preventing CI from draining below the 9V lockout 
threshold. The TV of hysteresis in the Undervoltage 
Lockout circuit allows the ML4809 to start from a bleed 
resistor/capacitor easily. While the ML4809 is in the 
standby (Lockout) condition, OUTA and OUTB will be 
Dulled low. 
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Figure 14. lypical Off-Line Start-Up Circuit and Timing 
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In the actual implementation, an external resistor (pin 
23) sets a current which will be equal to Vramp/R1 and 
will appear on the comparator input pin. Since the 
sense resistor is a low impedance point, putting 
another resistor (R2) in series with the Vsense P'" (10) 
causes a voltage to add to the ramp voltage which is 
equal to Vramp (R2/R1). 




UNCOMPENSATED 



L 




Iavg 



WITH RAMP COMPENSATION 



Figure 15. The Effect of Ramp Compensation 



TO 
TRANSFORMER 




I I 

Figure 16. Ramp Compensation and Blanker Block Diagram 

MAIN COMPARATOR BLANKER 

When CMP IN (EA OUT) is at a low level, spikes which 
occur on RAMP (which is connected to a current sense 
resistor or transformer) when the power MOSFETs first 
turn on can cause the cycle to terminate early. The 
result of early termination can cause instabilities. Three 
problems occur which all contribute to this spike. 

1. Inductance in the sense resistor. 

2. Inter-winding capacitance in the transformer. 

3. Reverse recovery current in the rectifier in the 
opposite FET intrinsic diode (or from the secondary 
diodes). 



BIANKER 
DISABLES COMPARATOR 
DURING SHADED TIME 



Ve — V — 





DIODE RECOVERY 



Figure 17. Unintended Early Cycle Termination 

The first two problems usually cause a fairly short spike 
which is easy to filter out with just a simple RC before 
the comparator input without causing unacceptable 
phase delay at the input, since there is not much area 
underneath the spike. The third problem can have 
significant energy, and a filter with a low enough pole 
to reduce the "spike" to a level low enough not to 
cause early cycle termination would cause excessive 
phase shift. 

The solution is to provide a blanking pulse to the 
comparator at the beginning of the cycle. The width of 
this pulse is programmed by an external RC. When 
CLOCK IN is high, a buffer in the ML4809 charges the 
capacitor on pin 14 to 4V. When CLOCK goes low, the 
capacitor discharges through the external resistor. The 
outputs are held low until the voltage at pin 14 falls 
below 3.2V. The buffer driving pin 14 is limited to 5mA 
output current. The Blanking period can be calculated 
by the expression: 

T- RblankCblank 

Tblank — 

SYNCHRONIZATION INPUTS AND OUTPUTS 

When using the Clock (pin 7) or Q (pin 13) outputs, a 
5KQ pull down resistor is recommended. These outputs 
are open emitters. Clock has an internal (375//A) current 
sink load while Q is unloaded. Both will exhibit 
significant timing skew due to PC board capacitance if 
not loaded. 

Clock Output and External Clock Input 

Used to synchronize multiple supplies. For 
synchronized operation of multiple ML4809's, tie the 
CLOCK OUT from the "master" to the CLOCK IN of 
the slaves. 

Toggle Preset and Q Output 

In multiple supply systems, this is important for 
synchronization. To synchronize multiple chips, connect 
the Q output from the "master" ML4809 to the Preset 
Input of the "slave" in a "daisy chain". For non- 
synchronized operation this input would be connected 
to GND. 
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OTHER FEATURES 

Fast Shut Down Path from Current Limit to Outputs 

Provides a 30ns path to the outputs which begins to 
turn off the outputs while the longer latching path is 
propbgating. In a normal UC1825, it can be as much as 
80ns until the over-current condition shuts down the 
outputs. 

Separate Error Amplifier Output Pin for Loop Filtering 
Versatility 

This is especially useful for: 

1. Diagnostic purposes, to see what the chip is really 
doing, it is useful to break the feedback loop. 

2. High power supplies — current sharing: In system 
design with more than one supply running, in order 
to ensure that the supplies share current equally it is 
often necessary to have a "master" circuit control 
the PWM operation of each of the "slaves". This is 
most easily accomplished by an "or" (where the 
lowest output dominates) of the Error Amp outputs, 
which is Impossible if the output of the amp is 
internally connected to the input of the comparator. 



1000 

^ 470 

" 220 

100 








/ 








/ 
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^ 





10 100 1000 

Cblank (pF) 
Figure 18. Tblank vs. Cbiank (Rbiank = 5.1 KO) 

APPLICATIONS 

Figure 19 shows the ML4809 in a push-pull non-isolated 
application. Note the Schottky Diodes on pins 17 and 
20. These diodes are necessary in order to prevent 
transients from driving these pins negative with respect 
to GND which would cause the IC to malfunction. 

Care should be exercised in layout: 

1. Avoid Ground Loops. Use "star" grounding. 

2. Bypass the Vcc line with a high frequency capacitor 
which is physically close to the IC. 

3. Avoid running signal lines near power lines. 

4. Employ "ground planing". 




Figure 19. ML4809 Typical Application 
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ORDERING INFORMATION 





TEMPERATURE 




PARI NUMBER 


RANGE 


PACKAGE 


ML4809CP 


0°C to +70°C 


Molded DIP 


ML4809CQ 


0°C to +70°C 


Molded PCC 


ML4809IP 


-40°C to +85°C 


Molded DIP 


ML4809IQ 


-40°C to +85°C 


Molded PCC 


ML4809MJ 


-55°C to +125°C 


Hermetic DIP 
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High Frequenq^ Power Supply Controller 



GENERAL DESCRIPTION 

The ML4810 and ML4811 High Frequency PWM 
Controllers are optimized for use in Switch Mode 
Power Supply designs running at frequencies to 1MHz. 
The ML4810/11 contain a unique overload protection 
circuit which helps to limit stress on the output 
devices and reliably performs a soft-start reset. 
Propagation delays are minimal through the 
comparators and logic for reliable high frequency 
operation and slew rate and bandwidth are maximized 
on the error amplifier. These controllers are designed 
to work in either voltage or current mode and provide 
for Input voltage feed forward. 

A 1.1V threshold current limit comparator provides a 
cycle- by-cycle current limit. An integrating circuit 
"counts" the number of times the 1.1V limit was 
reached. A soft-start cycle is initiated if the cycle-by- 
cycle current limit is repeatedly activated. A reset delay 
function is provided on the ML4811. All logic is fully 
latched to provide jitter-free operation and prevent 
multiple pulsing. An under-voltage lockout circuit with 
7V of hysteresis assures low startup current and drives 
the outputs low during fault condition. 



The ML4810/11 are fabricated on a 40V bipolar process 
from the FB3480 Power Supply Controller Array. 
Customized versions of this controller can therefore be 
easily implemented. Please refer to the FB3480 
datasheet for more information. These controllers are 
similar to the UC1825 controller, however these 
controllers include many features not found on the 
1825. These features are set in Italics. 

FEATURES 

■ Integrating Soft Start Reset 

■ High Current (2A peak) Dual Totem Pole Outputs 

■ Practical Operation to 1MHz (fosc) 

■ 5.1V, ±1% Trimmed Bandgap Reference 

■ Under Voltage Lockout with 7V Hysteresis 
m Soft Start Reset Delay (ML4811) 

■ Oscillator Synchronization Function (ML4811) 

■ Soft Start latch ensures full soft start cycle 
m Outputs pull low for undervoltage lockout 

m Accurately controlled Oscillator ramp discharge 
current 

■ All timing currents ''slaved'' to R(T) for precise control 
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PIN CONNECTIONS 



ML4810 
16-Pin DIP 



ML4811 
20-Pin DIP 



ML4811 
20-Pin PCC 




INV[ 


1 


^^ 20 ] RESET DEIAY 




Nl RESET DEIAY 




N,[ 


2 
3 


19 
18 


] 5.1V REF 

]vcc 

]0UTB 
] POWER Vc 
] PWR GND 
]0UTA 


E 


/A OUT 1 INV 1 5.1V REF 

i—inr-irii— 1 


E/A OUT [ 


/' 3 2 1 20 19 


]vcc 






RC(RESET) [ 


4 18 


RC(RESET) [ 

CLOCK [ 

R(D[ 

c(d[ 

RAMP[ 


4 


17 


CLOCK [ 




]0UTB 






5 17 


5 


16 


R(T) [ 




] POWER Vc 






6 16 


b 


15 


CCD [ 
RAMP [ 




] PWR GND 
]0UTA 






7 15 


7 


14 








]gnd 

] I(LIM)/S.D. 


8 14 


8 
9 


13 
12 




9 10 11 12 13 




SOFT START [ 


LJ l_J LJ LJ l_I 

SOFT START | OVP | GND 




SYNC [ 


10 


11 


]ovp 




SYNC I(LIM)/S.D. 





PIN DESCRIPTION (Pin numbers shown for ML4811) 








PIN NO. 


NAME 


FUNCTION PIN NO. 


NAME 


FUNCTION 


1 

2 


INV 
Nl 


Inverting input to error amp 

Non-inverting input to error 
amp 


11 


OVP 


Exceeding 2.5V terminates the 
PWM cycle and inhibits the 
outputs 


3 

4 


E/A Out 
RC(RESET) 


Output of error amplifier and 
input to main comparator 

Timing elements for 
Integrating Soft Start reset 


12 
13 


I(LIM)/S.D. 
GND 


Current limit sense pin. 
Normally connected to 
current sense resistor 

Analog Signal Ground 


5 
6 


CLOCK 
R(T) 


Oscillator output. 

Timing Resistor for Oscillator — 
sets charging current for 
oscillator timing capacitor 
(Pin 6) 

Timing Capacitor for Oscillator 

Non-Inverting input to main 
comparator. Connected to 
C(T) for Voltage Mode 


14 
15 


OUTA 
PWR GND 


High Current Totem pole 
output. This output is the first 
one energized after Power On 
Reset 

Return for the High Current 


7 
8 


C{T) 
RAMP 


16 
17 


Vc 
OUTB 


Totem pole outputs 

Positive Supply for the High 
Current Totem pole outputs 

High Current Totem pole 






operation or to current sense 
resistor for current mode 


18 


Vcc 


output 

Positive Supply for the IC 


9 


SOFT START 


Normally connected to Soft 
Start Capacitor 


19 


5.1V REF 


Buffered output for the 5.1V 
voltage reference 


10 


SYNC 


A high going pulse terminates 
the PWM cycle and discharges 

C(T) 


20 


RESET DELAY 


Timing Capacitor to determine 
the amount of delay between 
fault 
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ABSOLUTE MAXIMUM RATINGS 

Supply Voltage (Pins 18, 16) 30V 

Output Current, Source or Sink (Pins 14, 17) 

DC 0.5A 

Pulse (0.5a(S) 2.0A 

Analog Inputs 

(PInsI, 2, 8) -0.3V to TV 

(Pins 9, 10, n 12, 20) -0.3V to 6V 

Clock Output Current (Pin 5) -5mA 

Error Amplifier Output Current (Pin 3) 5mA 

Junction Temperature 

ML4811M 150**C 

ML4811I, ML4810C, ML4811C 125°C 

Storage Temperature Range -65°C to +150°C 



Lead Temperature (Soldering 10 sec.) +260°C 

Thermal Resistance (^ja) 

Plastic DIP 65*'C/W 

Ceramic DIP 65°C/W 

Plastic Chip Carrier (PCC) 60°C/W 



OPERATING CONDITIONS 

Temperature Range 

ML4811M -55°C to +125°C 

ML4811 1 -40*'C to +85°C 

ML4810C, ML4811C O^'C to +70°C 



Absolute maximum ratings are those values beyond which the device could be permanently damaged. Absolute maximum ratings are stress 
ratings only and functional device operation is not implied. Pin numbers given for ML4811. 



ELECTRICAL CHARACTERISTICS 

Unless otherwise specified, Rj = 3.65KO, Cj = lOOOpF, Ta = Operating Temperature Range, Vcc = 15V. 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Oscillator 


Initial Accuracy 


Tj = 25*»C (note 1) 


360 


400 


440 


KHz 


Voltage Stability 


10V < Vcc < 30V, (note 1) 




0.2 


2 


% 


Temperature Stability 


(note 1) 






5 


% 


Total Variation 


line, temp, (note 1) 


340 




460 


KHz 


Clock Out High 


^ 


3.9 


4.5 




V 


Clock Out Low 


' 




2.3 


2.9 


V 


Rannp Peak 


(note 1) 


2.6 


2.8 


3.0 


V 


Ramp Valley 


(note 1) 


0.7 


1.0 


1.25 


V 


Ramp Valley to Peak 


(note 1) 


1.6 


1.8 


2.0 


V 


Sync Input Threshold 




0.8 


1.0 


1.2 


V 


Sync Input Current 


Vp,N 10 = 4V 








M 


Reference Section 


Output Voltage 


ML4810/11C 


Tj = 25''C, lo = 1mA 


5.00 


5.10 


5.2 


V 


ML4811M, ML4811I 




5.05 


5.10 


5.15 


V 


Line Regulation 


10V < Vcc < 30V 




2 


20 


mV 


Load Regulation 


1mA < lo<10mA 




5 


20 


mV 


Temperature Stability 


-55°C < Tj < 150°C, (note 1) 




.2 


.4 


% 


Total Variation 


ML4810/11C 


line, load, temp, (note 1) 


4.95 




5.25 


V 


ML4811M, ML4811I 




5.0 




5.20 


V 


Output Noise Voltage 


10Hz to lOKHz 




50 




//v 


Long Term Stability 


Tj = 125*'C, 1000 Hrs (note 1) 




5 


25 


mV 


Short Circuit Current 


Vref = OV 


-15 


-50 


-100 


mA 


Under-Voltage Lockout Section 


Start Threshold 




15 


16 


17 


V 


UVLO Hysteresis 




6.5 


7 


Z5 


V 


Supply Current 


Start Up Current 


Vcc = 8V 




2 


3 


mA 


Ice 


Vp,N 1, 7, 9 = OV, Vp,N 2 = 1V, Ta = 250C 




32 


42 


mA 





6-22 



JS^ Micro Linear 



ML4810, ML4811 



ELECTRICAL CHARACTERISTICS (Continued) 

Unless otherwise specified, Rj = 3.65KQ, Cj = lOOOpF, Ta = Operating Temperature Range, Vcc = 15V 


PARAMETER 


CONDITIONS 


MIN 


TVP 


MAX 


UNITS 


Error Amplifier Section 


Input Offset Voltage 


ML4810/11C 








15 


mV 


ML4811M, ML4811I 








10 


mV 


Input Bias Current 






.6 


3 


M 


Input Offset Current 






.1 


1 


M 


Open Loop Gain 


1 < Vo < 4V 


60 


96 




dB 


CMRR 


1.5 < VcM < 5.5V 


75 


95 




dB 


PSRR 


10 < Vcc < 30V 


75 


90 




dB 


Output Sink Current 


Vp,N 3 = 1V 


1 


2.5 




mA 


Output Source Current 


Vp,N 3 = 4V 


-.5 


-1.3 




mA 


Output High Voltage 


IpiN 3 = -0.5mA 


4.0 


4.7 


5.0 


V 


Output Low Voltage 


lpiN3 = 1niA 





0.5 


1.0 


V 


Unity Gain Bandwidth 


(note 1) 


3 


5.5 




MHz 


Slew Rate 


(note 1) 


6 


12 




V///S 


PWM Comparator Section 


Pin 8 Bias Current 


Vp,N 8 = OV 




-1 


-5 


M 


Duty Cycle Range 









75 


% 


Pin 3 Zero DC Threshold 




1.1 


1.25 




V 


Delay to Output 


(note 1) 




50 


80 


ns 


Soft-Start Section 


Charge Current (Pin 9) 


Vp,N 9 = n Vp,N 12 = 0, VpiN 4 = 


40 


50 


60 


M 


Discharge Current (Pin 9) 


Vp,N 9 = 3y Vp,N 4 > 2.5 


1 


5 




mA 




Vp,N 9 = 3V Vp,N 12 > 1-65, Vp,N 4 < 2 


1 


5 




mA 


Charge Current (Pin 20) 


Vp,N 20 = 1V 


1 


5 




mA 


Discharge Current (Pin 20) 


Requires external discharge resistor 









M 


Current Limit/ Shutdown Section 


Pin 12 Bias Current 


ML4810/11C 


OV < Vp,N 12 < 4V 






+15 


M 


ML4811M, ML4811I 


OV < VpiN 12 < 4V 






+10 


//A 


Current Limit Threshold 




1.0 


1.1 


1.2 


V 


Reset Threshold (Pin 12) 


VpiN 4 < 2V 


1.35 


1.50 


1.65 


V 


Delay to Output 


(note 1) 




40 


70 


ns 


Pin 4 Charging Current 


Vp,N 12 = 2V 


120 


150 


180 


M 


Restart Threshold (Pin 4) 




2 


2.45 


3 


V 


OVP Shutdown Threshold (Pin 11) 




1.8 


2.2 


2.6 


V 


OVP Input Current 


Vp,N 11 = 3V 


40 


50 


60 


M 


Output Section 


Output Low Level 


louT = 20mA 




.25 


.4 


V 


louT = 200mA 




1.2 


2.2 


V 


Output High Level 


louT = -20mA 


13.0 


13.5 




V 


Iqut = -200mA 


12.0 


13.0 




V 


Collector Leakage 


Vc = 30V 




100 


500 


M 


Rise/ Fall Time 


Cl = lOOOpF, (note 1) 




30 


80 


ns 


Note 1: This parameter not 100% tested in productio 


n but guaranteed by design. 
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FUNCrrONAL DESCRIPTION 

SOFT START AND CURRENT LIMIT — INTEGRATING 
SOFT START RESET 

The ML4810/11 offers a unique system of fault detection 
and reset. Most PWM controllers use a two threshold 
method which relies on the buildup of current in the 
output inductor during a fault. This buildup occurs 
because: 

1. Inductor di/dt is a small number when the switch is 
off under load fault (short circuit) conditions, since 
Vl is small. 

2. Some energy is delivered to the inductor since the 
IC must first detect the over-current because there is 
a finite delay before the output switch can turn off. 



-1 



TPD 



VtH2 
VtHI 



— ^ TpD [< — »-| 



TpD 



rrm 



SWITCH CURRENT 

DIODE CURRENT 



Figure 1. Current Waveforms for Slow Turn-Off System 
with Load Fault 

This scheme was adequate for controllers with longer 
comparator propagation delays and turn-off delays than 
is desirable in a high frequency system. For systems 
with low propagation delays, very little energy will be 
delivered to the inductor and the current "ratcheting" 
described above will not occur. This results in the 
controller never detecting the load fault and continuing 
to pump full current to the load indefinitely causing 
heating in the output rectifiers and inductor. 



VTH2I '-. 

VTHiri- 



TpD 



-*-TpD — ►! -^-TpD 



rnni 



SWITCH CURRENT 

DIODE CURRENT 



Figure 2. Current Waveforms for High Speed System with 
Load Fault 

A method of circumventing this problem involves 
"counting" the number of times the controller 
terminates the PWM cycle due to the cycle by cycle 
current limit. 

When the switch current crosses the 1.1V threshold A1 
signals the F1 to terminate the cycle and sets F3, which 
is reset at the beginning of the PWM cycle. The output 
of F3 turns on a current source to charge C2. When, 
after several cycles, C2 has charged to 2.45V, A5 turns 
on F2 to discharge soft start capacitor CI. Charge is 
continually bled from C2 by R1. If a current surge is 
short lived (for instance a disk drive start-up or a board 
being plugged into a live rack) the control can "ride 



ra — ^Z_^ 01^ — ,, ERROR y 




FROM OSC 

_ri_n \ 



Figure 3. Integrating Soft Start Reset 

out" the surge with the switch protected by the cycle 
by cycle limit. R1 and CI can be selected to track 
diode heating, or to ride out various system surge 
requirements as required. 

If the high current demanded is caused by a short 
circuit, the duty cycle will be short and the output 
diodes will carry the current for the majority of the 
PWM cycle. C2 charges fastest for low duty cycles 
(since F3 will be on for a longer time) providing for 
quicker shutdown during short-circuit when the output 
diodes are being maximally stressed. 




Figure 4. Switching Current and Pin 4 Voltage — Normal 



u_i I 




Figure 5. Switching Current and Pin 4 Voltage — Load Fault 
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OSCILLATOR 

The ML4811 oscillator charges the external capacitor 
(Cj) with a current (Iset) equal to S/Rj. When the 
capacitor voltage reaches the upper threshold (Ramp 
Peak), the comparator changes state and the capacitor 
discharges to the lower threshold (Ramp Valley) through 
Q1. While the capacitor is discharging, Q2 provides a 
high pulse. A discharge of the oscillator can be initiated 
by applying a high level to the Sync pin. A short pulse 
of a frequency higher than the oscillator's free running 
frequency can be used to synchronize the ML4811 to 
an external clock. The pulse can be equal to the 
desired deadtime (Tq) or the deadtime can be 
determined by Iqis and Cj, whichever is greater. 

The Oscillator period can be described by the 
following relationship: 

Tosc = Tramp "•" Tqeadtime 

where: Tr^mp = C (Ramp Valley to Peak)/lsET 
and: Tqeadtime = C (Ramp Valley to Peak)/lQi 
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Figure 8. Oscillator Deadtime vs Frequency 
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Figure 6. Simplified Oscillator Block Diagram and Timing 
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Figure 9. Oscillator Deadtime vs C(D (3 < R(T) < 100KO) 

ERROR AMPLIFIER 

The ML4811 error amplifier is a 5.5MHz bandwidth 
12V///sec slew rate op-amp with provision for limiting 
the positive output voltage swing (Output Inhibit line) 
for ease in implementing the soft start function. 
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Figure 10. Unity Gain Slew Rate 
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Figure 7. Oscillator Timing Resistance vs. Frequency 
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OUTPUT DRIVER STAGE 

The ML4811 Output Driver is a 2A peak output high 
speed totem pole circuit designed to quickly switch the 
gates of capacitive loads, such as power MOSFET 
transistors. 
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Figure 12. Simplified Schematic 
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Figure 13. Saturation Curves 
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Figure 16. Suppy Current vs. Temperature 



ORDERING INFORMATION 





TEMPERATURE 




PART NUMBER 


RANGE 


PACKAGE 


ML4810CP 


0°C to +70°C 


16-Pin MOLDED DIP 


ML4811CP 


0°C to +70°C 


20-Pin MOLDED DIP 


ML4811CQ 


0°C to +70°C 


20-Pin MOLDED PCC 


ML4811IP 


-40°C to +85°C 


20-Pin MOLDED DIP 


ML4811IQ 


-40°C to +85°C 


20-Pin MOLDED PCC 


ML4811MJ 


-55°C to +125°C 


20-Pin HERMETIC DIP 
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July 1990 
PRELIMINARY 

ML4812 



Power Factor Controller 



GENERAL DESCRIPTION 

The ML4812 is designed to optimally facilitate a "boost" 
type power factor correction system. Special care has 
been taken in the design of the ML4812 to increase 
system noise immunity. The circuit includes a precision 
reference, multiplier, error amplifier, over-voltage 
protection, ramp compensation, as well as a high 
current output. In addition, start-up is simplified by an 
under-voltage lockout circuit with 6V hysteresis. 

In a typical application, the ML4812 functions as a 
current mode regulator. The current which is 
necessary to terminate the cycle is a product of the 
sinusoidal line voltage times the output of the error 
amplifier which is regulating the output DC voltage. 
Ramp compensation is programmable with an external 
resistor, to provide stable operation when the duty 
cycle exceeds 50%. 



FEATURES 

■ Precision buffered 5V reference (+0.5%) 

■ Current Input Multiplier reduces external 
components and improves noise immunity 

■ Programmable Ramp Compensation circuit 

■ 1A Peak Current Totem-Pole Output Drive 

■ Over-Voltage comparator eliminates output 
"runaway" due to load removal 

■ Wide common mode range in current sense 
comparators for better noise immunity 

■ Large oscillator amplitude for better noise immunity 



BLOCK DIAGRAM (Pln out shown is for DIP) 
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R Q 




UNDER 
VOLTAGE 
LOCKOUT 
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K^ v^v- 



- SHUTDOWN 



- 5V Vref 



Vcc 



" KMULT) oc KSINE) x r(EA) - [KRAMP COMP) ^ 2] 



PATENTED 
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PIN CONNECTIONS 

ML4812 
16-Pm DrP 



ML4812 
20-Pin PCC 



l(SENSE) [ 1 

MULTIPLIER [ 2 

EA OUT [ 3 

INV [ 4 

OVP [ 5 

KSINE) [ 6 

RAMP COMP [ 7 

R(T) [8 



] Cfl) 

] SIGNAL GND 

] 5V Vref 

] Vcc 

] OUT 

1 PWR GND 

2 SHUTDOWN 
] CLOCK 



KSENSE) C(T) 
MULTIPLIER I NC | SIGNAL GND 



EA OUT [ 4 

INV [ 5 

NC [ 6 

OVP [ 7 

KSINE) [ 8 



9 10 11 12 13 



18 ] 5V Vref 

17 ] Vcc 

16 ] NC 

15 ] OUT 

14 ] PWR GND 



RAMP COMP I NC I SHUTDOWN 

R(T) CLOCK 

TOP VIEW 



PIN DESCRIPTION (DIP) 



PIN NO. 



NAME 



FUNCTION 



1 KSENSE) Input from the Current 

Sense Transformer {T1) to the 
PWM comparator (+). 

2 MULTIPLIER Output of Current Multiplier. 

A resistor to ground on this 
pin converts the current to a 
voltage. This pin is clamped 
to 5V and tied to the PWM 
comparator (-). 

3 EA OUT Output of error amplifier. 

4 INV Inverting input to error 

amplifier. 

5 OVP Input to over voltage 

comparator. 

6 l(SINE) Current Multiplier Input. 

7 RAMP COMP Buffered output from the 

Oscillator Ramp [C(T)]. A 
resistor to ground sets the 
current which is internally 
subtracted from the product 
of l(SINE) and I{EA) ir. the 
multiplier. 



PIN NO. 



NAME 



FUNCTION 



8 


R(T) 


Oscillator timing resistor pin. 
A 5V source sets a current in 
the external resistor which is 
mirrored to charge C(T). 


9 


CLOCK 


Digital clock output. 


10 


SHUTDOWN 


A TTL compatible low level 
on this pin turns off the 
output. 


11 


PWR GND 


Return for the High Current 
Totem pole output. 


12 


OUT 


High Current Totem pole 
output. 


13 


Vcc 


Positive Supply for the IC. 


14 


5V Vref 


Buffered output for the 5V 
voltage reference. 


15 


SIGNAL GND 


Analog signal ground. 


16 


C(T) 


Timing Capacitor for the 



Oscillator. 
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ABSOLUTE MAXIMUM RATINGS 

Supply Current (Ice) 30mA 

Output Current, Source or Sink (Pin 12) 

DC 1.0A 

Output Energy (capacitive load per cycle) 5/iJ 

Multiplier l(SINE) Input (pin 6) 1.2mA 

Error Amp Sink Current (pin 3) 10mA 

Oscillator Charge Current 2mA 

Analog Inputs (pins 1, 4, 5) -0.3V to 5.5V 

Junction Temperature 150°C 

Storage Temperature Range -65°C to +150°C 

Lead Temperature (soldering 10 sec.) +260°C 

Absolute maximum ratings are those values beyond which the device could be permanently damaged. Absolute maximum ratings are stress 
ratings only and functional device operation is not implied. 



ML4812 



Thermal Resistance (^j^) 

Plastic Chip Carrier (PCC) — Q 60°C/W 

Plastic DIP — P 65°C/W 

Ceramic DIP — J 65°C/W 

OPERATING CONDITIONS 

Temperature Range 

ML4812C 0°Cto+70°C 

ML4812I -40°C to +85°C 

ML4812M -55°C to +125°C 



ELECI RICAL CHARACTERISTICS unless otherwise specified, Rj = 14KQ, Cj = lOOOpF, 
Ta = Operating Temperature Range, Vcc = 15V (note 2), Pin numbers refer to 16-pin DIP package. 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Oscillator 


Initial Accuracy 


Tj = 25*'C 


91 


98 


105 


KHz 


Voltage Stability 


12V < Vcc < 18V 




0.3 




% 


Temperature Stability 






2 




% 


Total Variation 


line, temp. 


90 




108 


KHz 


Ramp Valley to Peak 






3.3 




V 


R(T) Voltage 




4.8 


5.0 


5.2 


V 


Discharge Current (pin 8 open) 


Tj = 25°C, Vp,N 16 = 2V 


7.8 


8.4 


9.0 


mA 


VpiN 16 = 2V 


7.3 


8.4 


9.3 


V 


Clock Out Voltage Low 


Rl = 16KO 




0.2 


0.5 


V 


Clock Out Voltage High 


Rl = 16KQ 


3.0 


3.5 




V 


Reference Section 


Output Voltage 


Tj = 25°C, lo = 1mA 


4.95 


5.00 


5.05 


V 


Line Regulation 


12V < Vcc < 25V 




2 


20 


mV 


Load Regulation 


1mA < lo<20mA 




2 


20 


mV 


Temperature Stability 






0.4 




% 


Total Variation 


line, load, temp 


4.9 




5.1 


V 


Output Noise Voltage 


10Hz to lOKHz 




50 




/iV 


Long Term Stability 


T| = 125°C, 1000 Hrs (note 1) 




5 


25 


mV 


Short Circuit Current 


Vref = OV 


-30 


-85 


-180 


mA 


Error Amplifier Section 


Input Offset Voltage 








±15 


mV 


Input Bias Current 






-0.1 


-1.0 


//A 


Open Loop Gain 


1 < Vp,N 3 < 5V 


60 


75 




dB 


PSRR 


12V < Vcc < 25V 


60 


75 




dB 


Output Sink Current 


Vp,N 3 = 1.1V, Vp,N 4 = 6.2V 


2 


12 




mA 


Output Source Current 


Vp,N 3 = 5.0V, Vp,N 4 = 4.8V 


-0.5 


-1.0 




mA 


Output High Voltage 


IpiN 3 = -0.5mA, VpiN 4 = 4.8V 


5.3 


5.5 




V 


Output Low Voltage 


lpiN3 = 1mA, VpiN4 = 6.2V 




0.5 


1.0 


V 


Unity Gain Bandwidth 






1.0 




MHz 
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ELECTRrCAL CHARACTERISTICS (Continued) 

Unless otherwise specified, Rj = 14Kn, Cj = lOOOpF, Ta = Operating Temperature Range, Vcc = ISV (note 2), 
Pin numbers refer to 16-pin DIP package. 



PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Multiplier 


l(SINE) Input Voltage 


l(SINE) = 500//A 


.4 


.7 


.9 


V 


Output Current (pin 2) 


l(SINE) = 500M, PIN 4 = Vref - 20mV 


460 


480 


510 


M 


l(SINE) = 500//A, PIN 4 = Vref + 20mV 




3 


10 


//A 


l(SINE) = 1mA, PIN 4 = Vref - 20mV 


900 


950 


1020 


M 


l(SINE) = SOOfjA, PIN 4 = Vref - 20mV, lp,N 7 = 50M 




455 




M 


Bandwidth 






200 




KHz 


PSRR 


12V < Vcc < 25V 




70 




dB 


OVP Comparator 


Input Offset Voltage 


Output Off 


-25 




+5 


mV 


Hysteresis 


Output On 


95 


105 


115 


mV 


Input Bias Current 






-0.3 


-3 


M 


Propagation Delay 






150 




nS 


PWM Comparator: l(SENSE) 


Input Offset Voltage 








±15 


mV 


Input Offset Current 








+1 


mV 


Input Common Mode Range 




-0.2 




5.5 


V 


Input Bias Current 






-2 


-10 


M 


Propagation Delay 






150 




nS 


Ilimit Trip Point 


VpiN 2 = 5.5V 


4.8 


5 


5.2 


V 


Output Section 


Output Voltage Low 


louT = -20mA 




0.1 


0.4 


V 


Iqut = -200mA 




1.6 


2.2 


V 


Output Voltage High 


JQUT = 20mA 


13 


13.5 




V 


Iqut = 200mA 


12 


13.4 




V 


Output Voltage Low in UVLO 


louT = -10mA, Vcc = 8V 




0.1 


0.8 


V 


Output Rise/Fall Time 


Cl = lOOOpF 




50 




nS 


Shut Down Input 


V,H 


2.0 






V 


V,L 






0.8 


V 


l,L, VpiN 10 = OV 






-1.5 


mA 


l|H/ VpiN 10 = 5V 






10 


M 


Under-Voltage Lockout 


Start-Up Threshold 




15 


16 


17 


V 


Shut-Down Threshold 




9 


10 


11 


V 


Vref Good Threshold 






4.4 




V 


Total Device 


Supply Current 


Start-Up, Vcc = 14V, Tj = 25°C 





.8 


1.2 


mA 


Operating, Tj = 25°C 


20 


25 


mA 


Internal Shunt Zener Voltage 


Ice = 30mA 


25 


30 


34 


V 



Note 1: This parameter not 100% tested in production but guaranteed by design. 

Note 2: V^^ is raised above the Start-Up Threshold first to activate the IC, then returned to 15V. 
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FUNCTIONAL DESCRIPTION 

OSCILIATOR 

The ML4812 oscillator charges the external capacitor 
(Cj) with a current (Iset) equal to 5/Rset- When the 
capacitor voltage reaches the upper threshold, the 
comparator changes state and the capacitor discharges 
to the lower threshold through Q1. While the capacitor 
is discharging, Q2 provides a high pulse. 

The Oscillator period can be described by the 
following relationship: 



where: 



and: 



Tosc - Tramp + Tqeadtime 

Ct ^ Vramp valley to peak 



Tramp '■ 



Tdeadtime = 



Iset 

Ct ^ Vramp valley to peak 
8.4mA - Iset 




Td-»- 



I\ 



RAMP VALLEY 



Figure 1. Oscillator Block Diagram 
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Figure 2. Oscillator Timing Resistance vs. Frequency 



OUTPUT DRIVER STAGE 

The ML4812 Output Driver is a 1A peak output high 
speed totem pole circuit designed to quickly drive 
capacitive loads, such as power MOSFET gates. 
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Figure 3. Output Saturation Voltage vs. Output Current 

ERROR AMPLIFIER 

The ML4812 error amplifier is a high open loop gain, 
wide bandwidth, amplifier. 
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Figure 4. Error Amplifier Configuration 
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MULTIPLIER 

The ML4812 multiplier is a linear current input 
multiplier to provic|e high immunity to the disturbances 
caused by high power switching. The rectified line 
input sine wave is converted to a current via a 
dropping resistor. In this way small amounts of ground 
npise produce an insignificant effect on the reference 
to the PWM comparator. 

The output of the multiplier is a current proportional to: 

louT °^ KSINE) X I(EA) 

where l(SINE) Is the current in the dropping resistor, 
and l(EA) is a current proportional to the output of the 
error arnplifier. When the error amplifier is saturated 
high, the output of the multiplier is approximately 
equal to the l(SINE) input current. 

The multiplier output current is converted into the 
reference voltage for the PWM comparator through a 
resistor to ground on the multiplier output. The 
multiplier output is clamped to 5V to provide current 
limiting. 

Ramp compensation is accomplished by subtracting 1/2 
of the current flowing out of pin 7 through a buffer 
transistor driven by C(T) which is set by an external 
resistor. 



ERROR CURRENT 



EF 



H- 



®I(SINE) X 
ERROR CURRENT - 
KRAMP COMP)/2 




01} 



RAMPCOMP*-I<I^I'COM''I 



ih 



C(T) 



UNDER VOLTAGE LOCKOUT 

On power-up the ML4812 remains in the UVLO 
condition; output low and quiescent current low. The 
IC becomes operational when Vcc reaches 16V. When 
Vcc drops below 10V, the UVLO condition is Imposed. 
During the UVLO condition, the 5V Vref P'" is "off", 
making it usable as a "flag" for starting up a down- 
stream PWM converter. 
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Figure 8. Under-Voltage Lockout Block Diagram 
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Figure 6. Multiplier Block Diagram 



Figure 9a. Total Supply Current vs. Supply Voltage 



O 200 





















/^ 


















^ 


y 
















y 


X 


^ 














L^ 


y^ 


y^ 


^^ 












y 


^ 


y' 




y^ 










y 


> 


^ 

^ ^ 


'^ 




^•^ 








y. 








^--^ 










iA 


<<\ 


^\ 


---' 




- 






^ 






^ 




-= 




' 







200 300 400 

SINE INPUT CURRENT ((/A) 

Figure 7. Multiplier Linearity 



2.0V ^ 
1.5V 





^"*"*«-s^ 








OPER 
CUR 


/ffING 
RENT 
















^ 


























~~- 






























TARTU 


P 
















1 i 











-60 -40 -20 



20 40 60 
TEMPERATURE f C) 



100 120 140 



Figure 9b. Supply Current dec) vs. Temperature 



6-32 



M^ Micro Linear 



ML4812 



5-8.0 



X 


■w. 




















., 




V 


^ 














Vc.= ..^ 








■^ 


























"^ 


w_ 
























'v 


Si 


























^ 


























\ 


Ta 


= -55°C — 












Ta = 


125°C 






^ 



























































































20 40 60 80 100 120 

Iref, reference source current (mA) 



Figure 10. Reference Load Regulation 



APPLICATIONS 

INPUT INDUCTOR (LI) SELECTION 

The central component In the regulator is the input 
boost inductor. The value of this inductor controls 
various critical operational aspects of the regulator. If 
the value is too low, the input current distortion will be 
high and will result in low power factor and increased 
noise at the input. This will require more input filtering. 
In addition, when the value of the inductor is low the 
inductor dries out (runs out of current) at low currents. 
Thus the power factor will decrease at lower power 
levels and/or higher line voltages. If the inductor value 
is too high, then for a given operating current the 
required size of the Inductor core will be large and/or 
the required number of turns will be high. So a 
balance must be reached between distortion and core 



One more condition where the inductor can dry out Is 
analyzed below where It is shown to be maximum duty 
cycle dependent. 

For the boost converter at steady state: 

ViN 



VoUT = 



Don 



(1) 



Where Dqn 's the duty cycle [TonATqn "•" Tqff)]- The 
input boost inductor will dry out when the following 
condition Is satisfied: 

ViN(t) < VouT X (1 - Don) 



ViNDRY = [1 - Don (max)] x Vout 

VjisiDRY- Voltage where the inductor dries out. 
Vour Output dc voltage. 



(2) 



(3) 



Effectively, the above relationship shows that the 
resetting volt-seconds are more than setting volt- 
seconds. In energy transfer terms this means that less 
energy Is stored In the Inductor during the ON time 
than it is asked to deliver during the OFF time. The net 
result is that the inductor dries out. 

The recommended maximum duty cycle Is 95% at 
lOOKHz to allow time for the input inductor to dump 
its energy to the output capacitors. 

For example: 

if: Vout = 380V and 

Don (max) = 0-95 

then substituting in (3) yields V|ndry = 20V The effect 
of drying out Is an increase In distortion at low 
voltages. 

For a given output power, the instantaneous value of 
the input current is a function of the Input sinusoidal 
voltage waveform, i.e. as the input voltage sweeps from 
zero volts to a maximum value equal to Its peak so 
does the current. 

The load of the power factor regulator is usually a 
switching power supply which Is essentially a constant 
power load. As a result, an increase In the input voltage 
will be offset by a decrease In the input current. 

By combining the ideas set forth above, some ground 
rules can be obtained for the selection and design of 
the Input inductor: 

Step 1: Find minimum operating current. 
1.414 X P|N(min) 



liN(mln)pEAK = 



V|N(max) 



(4) 



V|N(max) = 260V 
Plisi(min) = SOW 
then: l|N(m"n)pEAK = 0.272A 

Step 2: Choose a minimum current at which point the 
inductor current will be on the verge of drying 
out. For this example 40% of the peak current 
found in step 1 was chosen. 

then: Ildry = 100mA 

Step 3: The value of the inductance can now be found 
using previously calculated data. 
ViNDRY X DoN(max) 



11 



Ildry ^ fosc 
20V X 0.95 

100mA X lOOKHz 



(5) 



= 2mH 



The inductor can be allowed to decrease in value 
when the current sweeps from minimum to maximum 
value. This allows the use of smaller core sizes. The 
only requirement is that the ramp compensation must 
be adequate for the lower Inductance value of the core 
so that there Is adequate compensation at high current. 
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NOTES: 

1. ALL UNSPECIFIED DIODES ARE 1N4148. 

2. ALL UNSPECIFIED RESISTORS ARE 1/4 WATI 

3. ALL UNSPECIFIED CAPACITOR VODAGE RATINGS ARE 50V 

4. ADJUST R2A AND R5A WITH CAUTION TO AVOID OVER VOUAGE CONDITIONS. 

Q3 = 2N2222 OR EQUIVALENT 



P3 IS USED AT INITIAL TURN-ON TO 
CHECK THE IC FOR PROPER OPERATION. 
APPLY « 16VDC 

FIXED RESISTORS CAN BE USED FOR THE SENSING 
COMPONENTS. BELOW ARE 1% STANDARD 
RESISTORS THAT WILL FORCE THE CORRECT 
OUTPUT VODAGES R1A, RIB, R4A, R4B = 178K 1% 
R2B = 4.75K 1%, R5B = 4.53K 1%. 
USE JUMPERS INSTEAD OF R2A AND R5A (POTS). 
' FOR HIGHER POWER USE MORE Vcc DECOUPLING. 
2/uF OR MORE MAY BE REQUIRED AT IKW LEVELS. 
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Step 4: The presence of the ramp compensation will 
change the dry out point, but the value found 
above can be considered a good starting point. 
Based on the amount of power factor 
correction the above value of L1 can be 
optimized after a few iterations. 

Gapped Ferrites, Molypermalloy, and Powdered Iron 
cores are typical choices for core material. The core 
material selected should have a high saturation point 
and acceptable losses at the operating frequency. 

One ferrite core that is suitable at around 200W is the 
#4229PL00-3C8 made by Ferroxcube. This ungapped 
core will require a total gap of 0.180" for this 
application. 

OSCILIATOR COMPONENT SELECTION 

The oscillator timing components can be calculated by 
using the following expression: 

1.36 

For example: 

Step 1: At lOOKHz with 95% duty cycle Tqff = 500ns 
calculate Cj using the following formula: 

Tqff ^ 'dis 

Ct = -^^ — = lOOOpF (7) 

Vqsc 

Step 2: Calculate the required value of the timing 
resistor. 

1.36 1.36 

Rt (8) 

fosc ^ Ct IOOKHz X lOOOpF 

= 13.6KQ choose Rj = 14KQ. 

CURRENT SENSE AND SLOPE (RAMP) COMPENSATION 
COMPONENT SELECTION 

Slope compensation in the ML4812 is provided 
internally. Rather than adding slope to the noninverting 
input of the PWM comparator it is actually subtracted 
from the voltage present at the inverting input of the 
PWM comparator. The amount of slope compensation 
should be at least 50% of the downslope of the 
inductor current during off time as reflected to the 
inverting input of the PWM comparator. Note that 
slope compensation is required only when the inductor 
current is continuous and the duty cycle is more than 
50%. The downslope of the inductor current at the 
verge of discontinuity can be found using the 
expression given below: 



dt 



VouT-V,NDRY 380V -20V 



2mH 



(9) 



= 0.18 A/fJS 



The downslope as reflected to the input of the PWM 
comparator is given by: 

„ VoUT - V|N DRY Rs 

SpWM = ] X — (10) 

L Nc 



Where Rs is the current sense resistor and Nc is the 
turns ratio of the current transformer (T1) used. In 
general, current transformers simplify the sensing of 
switch currents especially at high power levels where 
the use of sense resistors is complicated by the amount 
of power they have to dissipate. Normally the primary 
side of the transformer consists of a single turn and the 
secondary consists of several turns of either enameled 
magnet wire or insulated wire. The diameter of the 
ferrite core used in this example is 0.5" (SPANG/Magnetics 
F41206-TC). The rectifying diode at the output of the 
current transformer can be a 1N4148 for secondary 
currents up to 75mA average. 

Sense FETs or resistive sensing can also be used to 
sense the switch current, the sensed signal has to be 
amplified to the proper level before it is applied to the 
ML4812. 

The value of the ramp compensation (SCpwm) as seen 
at the inverting terminal of the PWM comparator is: 

2.5 X R^ 

SCpwM=r — - (11) 

Rt X Ct X Rsc 

The required value for Rsc can therefore be found by 
equating: 

SCpwM = Asc X SpwM 

where Asc is the amount of slope compensation and 
solving for Rsc- 

The value of Rm (pin 2) depends on the selection of Rp 
(pin 6) 

V|N(max)pFAK 260 x 1.414 
Rp = T^r-: — = 750K (12) 



IsiNE(peak) 



0.5mA 



VcLAMP ^ Rp 4.9 X 750K 
V,N(min)pEAK 90 x 1.414 



(13) 



The peak of the inductor current can be found 
approximately by: 

1.414 X Pouj 1.414 X 200 
Ilpeak = 77—:^^^^ 3.14A (14) 



V|N(min)RMs 



90 



Selection of Nc which depends on the maximum 
switch current, assume 4A for this example is 80 turns. 

VcLAMP ^ Nc 4.9 X 80 

Rs = 100O (15) 

'lpeak 4 

Where Rs is the sense resistor, and Vclamp 's the 
current clamp at the inverting input of the PWM 
comparator. This clamp is internally set to 5V In actual 
application it is a good idea to assume a value less than 
5V to avoid unwanted current limiting action due to 
component tolerances. In this application Vclamp was 
chosen as 4.9V. 

Having calculated Rs the value SpwM and of Rsc can 
now be calculated: 

380V - 20 100 

SpwM = ^ 0.225V//is 

2mH 80 



Micro Linear 



6-35 



ML4812 



Rsc = 



2.5 X Rm 



Rsc = " 



Asc ^ SpwM X Rt >< Ct 
2.5 X 28.8K 



(16) 



= 33K 



0.7 X (.225 X 106) X 14K x 1nF 
The following values were used in the calculation: 



Rf^ = 28.8K 
Rt = 14K 



Asc = 0.7 
Ct = InF 



VOLTAGE REGULATION COMPONENTS 

The values of the voltage regulation loop components 
are calculated based on the operating output voltage. 
Note that voltage safety regulations require the use of 
sense resistors that have adequate voltage rating. As a 
rule of thumb if 1/4W resistors are available, two of 
them should be used in series. The input bias current 
of the error amplifier is approximately 0.5/yA, therefore 
the current available from the voltage sense resistors 
should be significantly higher than this value. Since two 
1/4W resistors have to be used the total power rating is 
1/2W. The operating power is set to be 0.4W then with 
380V output voltage the value can be calculated as 
follows: 

Rl = (380V)2/0.4W = 360K (17) 

Choose two 178K, 1% connected in series. 

Then R2 can be calculated using the formula below: 

Vref >< Ri 5V X 356K 



R2 = 



VouT - Vref 380V - 5V 



- = 4.747K 



(18) 



Choose 4.75K, 1%. One more critical component in the 
voltage regulation loop is the feedback capacitor for 
the error amplifier. The voltage loop bandwidth should 
be set such that It rejects the 120Hz ripple which is 
present at the output. If this ripple is not adequately 
attenuated it will cause distortion on the input current 
waveform. Typical bandwidths range anywhere from a 
few Hertz to 15Hz. The main compromise is between 
transient response and distortion. The feedback 
capacitor can be calculated using the following formula: 



Cf = 



Cf = 



3.142 X R^ X BW 

1 
3.142 X 356K x 2Hz 



(19) 



= 0.44//F 



OVERVOLTAGE PROTECTION (OVP) COMPONENTS 

The OVP loop should be set so that there is no 
interaction with the voltage control loop. Typically it 
should be set to a level where the power components 
are safe to operate. Ten to fifteen volts above Vqut 
seems to be adequate. This sets the maximum transient 
output voltage to about 395V. 

By choosing the high voltage side resistor of the OVP 
circuit the same way as above i.e. R4 = 356K then R5 
can be calculated as: 



Vref X R4 5V X 356K 



Vovp - Vref 395V - 5V 



= 4.564K 



(20) 



Choose 4.53K, 1%. 

Note that R^, R2, R4 and R5 should be tight tolerance 
resistors such as 1% or better. 

CONTROLLER SHUTDOWN 

The ML4812 provides a shutdown pin which could be 
used to shutdown the IC. Care should be taken when 
this pin is used because power supply sequencing 
problems could arise if another regulator with its own 
bootstrapping follows the ML4812. In such a case a 
special circuit should be used to allow for orderly start 
up. One way to accomplish this is by using the 
reference voltage of the ML4812 to inhibit the other 
controller fC or to shut down its bias supply current. 

OFF-LINE START-UP AND BIAS SUPPLY GENERATION 

The ML4812 can be started using a "bleed resistor" 
from the high voltage bus. After the voltage on pin 13 
(Vcc) exceeds 16V, the IC starts up. The energy stored 
on the 330/iF, C15, capacitor supplies the IC with 
running power until the supplemental winding on LI 
can provide the power to sustain operation. 

The values of the start-up resistor R10 and capacitor 
C15 may need to be optimized depending on the 
application. The charging waveform for the secondary 
winding of LI is an inverted chopped sinusoid which 
reaches its peak when the line voltage is at its 
minimum. In this example, C9 = .1//F, C15 = 330//F, 
D8 = 1N4148 RIO = 39K, 2W. 

ENHANCEMENT CIRCUIT 

The theory of operation of the power factor 
enhancement circuit (inside the dotted lines) in Figure 
11 is described in APPLICATION NOTE 11 in detail. It 
improves the power factor and lowers the input current 
harmonics. Note that the circuit meets the proposed 
lEC 555 specifications (with the enhancement) on the 
harmonics with a large margin while correcting the 
input power factor to better than 0.99 under most 
steady state operating conditions. 

CONSTRUCTION AND LAYOUT TIPS 

High frequency power circuits require special care 
during breadboard construction and layout. Double 
sided printed circuit boards with ground plane on one 
side are highly recommended. All critical switching 
leads (power FET, output diode, IC output and ground 
leads, bypass capacitors) should be kept as small as 
possible. This is to minimize both the transmission and 
pick-up of switching noise. 

There are two kinds of noise coupling; inductive and 
capacitive. As the name implies inductive coupling is 
due to fast changing (high di/dt) circulating switching 
currents. The main source is the loop formed by Q1, 
D5, and C3-C4. Therefore this loop should be as small 
as possible, and the above capacitors should be good 
high frequency types. 
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The second form of noise coupling is due to fast 
changing voltages (high dv/dt). The main source in this 
case is the drain of the power FET The radiated noise 
in this case can be minimized by insulating the drain of 
the FET from the heatsink and then tying the heatsink 
to the source of the FET with a high frequency 
capacitor (Ch in Figure 11). 



The IC has two ground pins named PWR GND and 
Signal GND. These two pins should be connected 
together with a very short lead at the printed circuit 
board exit point. In general grounding is very important 
and ground loops should be avoided. Star grounding 
schemes are preferred. 



Component Values/ Bill of Materials for Figure 11 



Reference 


Description 


C1, C4 


1//F, 630V Film (250 VAC) 


C3, Ch 


6.8nF 1KV Ceramic disk 


C5, C6 


680A/F 200V Electrolytic 


C8, C9 


.1/yF 50V Ceramic 


C10, C19 


1//F 50V Ceramic 


C11 


.001//F 50V Ceramic 


C15 


330//F 25V Electrolytic 


C16 


100//F 25V Electrolytic 


C17 


lO/zF 25V Electrolytic 


Cf 


.47//F 50V Ceramic 


Ct 


.002//F 50V Ceramic 


D1, D2, D3, D4, D10 


1N5406 (Motorola) 


D5 


MUR850 (Motorola) 


D6, D8, D9, 
D11, D12, D13 


1N4148 


F1 


5A 250V 3AG with clips 


IC1 


ML4812CP (Micro Linear) 


L1 


2m H, 4A IpEAK (see below) 


Q1 


IRF840 or MTPN8N50 



Reference 


Description 


Q2 


LM7815CT 


Q3 


2N2222 or equivalent 


R1A, R1B, R4A, R4B 


180Kn 


R2A, R5A 


10KO TRIMPOT BOURNS 3299 
or equivalent 


R2B, R5B 


3.9KO 


R3, R13 


22KO 


R6, R7, RPB 


150KQ 


R10 


39KO, 2W 


R11 


33KQ 


R12 


1KQ 


RG 


10O 


RM 


27KO 


RPA, R15 


360KO 


RS 


100O 


RSC 


33KO 


RT 


Z5KO 


T1 


SPANG F41206-TC 

Ns = 80, Np = 1 (see attached) 



Notes: All resistors 1/4W unless otherwise specified. Some reference 
schematic. These designators were used in previous revisions 
on key components is included in the attached appendix. 



designators are skipped (e.g. C2, C12, etc.) and do not appear on the 
of the board and are not used on this revision. Additional information 
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Magnetics Tips (Refer to Figure 11) 



L1 — Main inductor: 

One of several toroidal cores can be used for L1: 



Material 


Manufacturer 


Part# 


Turns (#24AWG) 


Powdered Iron 


Micrometals 


T225-8/90 


200 


Powdered Iron 


Micrometals 


T184-40 


120 


Molypermalloy 


SPANG (Mag. Inc.) 


58076-A2 (high flux) 


180 



The T184-40 core above is the most economical, but 
has lower inductance at high current. This would yield 
higher ripple current and require more line EMI 
filtering. The value for RSC (slope compensation resistor 
on Pin 7) was calculated for the T225-8/90 and should 
be recalculated for other inductor characteristics. 
Selected pages of the Micrometals iron powder core 
data sheets are attached for your convenience. The 
core manufacturer also has additional applications 
literature available. 

A gapped ferrite core can also be used in place of the 
powdered iron core. One such core is a Ferroxcube 
core #4229PL00-3C8. This is an un-gapped core. Using 
145 turns of #24 AWG wire, a total air gap of .180" is 
required to give a total inductance of about 2mH. Since 
1/2 of the gap will be on the outside of the core and 
1/2 the gap on the inside, putting a .09" spacer in the 
center will yield a .180" total gap. To prevent leakage 
fields from generating RFI, a shorted turn of copper 
tape should be wrapped around the gap as shown 
below: 



COPPER FOIL 
SHORTED TURN 




11 -— Sense Transformer 

In addition to the core type mentioned in the parts list, 
the following Siemens cores should be suitable for 
substitution and may be more readily available in 
Europe. 



Material 


Size Code 


Parttt 


N27 


R16/6.3 


B64290-K45-X27 


N30 


R16/6.3 


B64290-K45-X830 



The N27 material is for high frequency and will work 
better above 100kHz but both are adequate. In 
addition, Ferroxcube/Phillips Magnetics core 768T188- 
3C8 can be used. 

U.S. Core Vendors: 



Manufacturer 




SPANG/Magnetics Inc. 


(412) 282-8282 


Micrometals 


(800) 356-5977 


Ferroxcube/Phillips Magnetics 


(818) 998-7311 



For production, a gapped center leg can be ordered 
from most core vendors, eliminating the need for the 
external shorted copper turn when using a pot core. 
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CI 

1//F 
500V 


C2 
500V 


C3 
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ENHANCEMENT CIRCUIT SEE TEXT 
R1 R2 

-W\ WV 




D5 MUR3050 
4 =fc 15nF ?kl5nF 



(> GND 

i.R4 +J_C10 
^150K -T-680A/F 



RG2 
3 

J- C4 J_ C7 
O.lyuF'" 



Q1 I Q2 I 
,^;APT5025jgr5025^1W 
RG1 Ii_^, Ilh, ' " 



m 



n 



CI 2 

T I'^f 

•i- 630V 



VOUT 



680//F 
250V 



NOTES: 

1. ALL UNSPECIFIED DIODES ARE 1N4148. 

2. ALL UNSPECIFIED RESISTORS ARE 1/4 WATT 

3. ALL UNSPECIFIED CAPACITOR VOLTAGE RATINGS ARE 50V 

4. ADJUST R2A AND RsA WITH CAUTION TO AVOID OVER VOLTAGE CONDITIONS. 

Q3 = 2N2222 OR EQUIVALENT 



AT INITIAL TURN-ON TO CHECK 
THE IC FOR PROPER OPERATION, 
APPLY ^ 16VDC. 

FIXED RESISTORS 0\N BE USED FOR THE SENSING 
COMPONENTS. BELOW ARE 1% STANDARD 
RESISTORS THAT WILL FORCE THE CORRECT 
OUTPUT VOLIACES R1A, RIB, R4A, R4B = 178K 1% 
R2B = 4.75K 1%, R5B = 4.53K 1%. 
USE JUMPERS INSTEAD OF R2A AND RSA (POTS). 
* FOR HIGHER POWER USE MORE Vcc DECOUPLING. 
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ORDERING INFORMATION 





TEMPERATURE 




PART NUMBER 


RANGE 


PACKAGE 


ML4812CP 


0°C to +70°C 


MOLDED DIP 


ML4812CQ 


0°C to +70°C 


MOLDED PCC 


ML4812IP 


-40°C to +85X 


MOLDED DIP 


ML4812IQ 


-40°C to +85*'C 


MOLDED PCC 


ML4812MJ 


-55°C to +125°C 


HERMETIC DIP 
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ML4812-EVAL 



Power Factor Controller Evaluation Kit 



GENERAL DESCRIPTION 

The ML4812 EVAL kit provides a convenient vehicle to 
evaluate the ML4812 Power Factor Correction circuit. 
The board implements a 200W "boost" type power 
factor correction system. Special care has been taken 
in the layout of this PC board to provide adequate 
space for probes and a large area for ground plane to 
increase system noise immunity. 

This kit includes a blank PC board, schematic of a 
complete power factor correction system and 
specifications for the key external components 
necessary to build a prototype Power Factor 
Correction front end. The unit is designed to operate 
over a 90VAC to 265VAC line range and can run from 
no load to a full 200W. Higher power levels can be 
achieved using this board by using larger external 
components. 

This boost mode converter is set to run with a 380V 
output and achieves power factors of better than .99 
over a wide range of input line and output load. 



FEATURES 

■ Power factor > .99 

■ Harmonic currents well below proposed IEC555-2 
limits 

■ 90 to 265VAC input, 380V output to 200W 

■ 380VDC output to 200W 

■ Over-Voltage Protection 

■ Peak Current sense circuit protects Power MOSFET 

■ PC board and ML4812CP controller included 

■ Line and Load regulation better than 2% 

■ Complete documentation and applications 
information 



BLOCK DIAGRAM 
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ML4813 



Flyback Power Factor Controller 



GENERAL DESCRIPTION 

The ML4813 is designed to optimally facilitate a 
discontinuous "flyback" or "buck-boost" type power 
factor correction system for low power, low cost 
applications. Special care has been taken in the design 
of the ML4813 to reject system noise. The circuit 
includes a precision reference, oscillator, error 
amplifier, over-voltage comparator, over-current 
comparator, and an extra op-amp as well as a high 
current output. In addition, start-up is simplified by an 
under-voltage lockout circuit with 6V hysteresis. 

In a typical application, the ML4813 functions as a 
voltage mode regulator. By maintaining a constant duty 
cycle, the current follows the input voltage, making the 
impedance of the entire circuit appear purely resistive. 
With the flyback circuit, power factors of .99 are easily 
achievable with a small output inductor and a 
minimum of external components. 



FEATURES 

■ Precision buffered 5V reference (±1%) 

■ Extra op-amp for output voltage instrumentation 
amplifier 

■ Over Current comparator for switch protection 

■ Soft Start and 6V hysteresis under-voltage lockout 
for easy low surge off-line starting 

■ 1 A Peak Current Totem-Pole Output Drive 

■ Over-Voltage comparator eliminates output 
"runaway" due to load removal 

■ Large oscillator amplitude for better noise 
immunity 

APPLICATIONS 

■ PC power supplies 

■ Lamp Ballasts 



BLOCK DIAGRAM (Pin out shown is for DIP) 
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PIN CONFIGURATION 



ML4813 
16-Pin DIP 



ML4813 
20-Pin PCC 




KLIMIT) C(D 
SOFT START | NC | SIGNAL GND 




OA- I NC I SYNC 

OA+ Rcn 

TOP VIEW 



PIN DESCRIPTION (DIP) 



PIN tt 



NAME 



FUNCTION 



PIN tt 



1 KLIMIT) Current limit sense pin. Normally 

connected to sense resistor. When 
this pin exceeds 1V, the PWM 
cycle is terminated. 

2 SOFT START Normally connected to a Soft Start 

capacitor. 

3 COMP Output of error amplifier and 

input to PWM comparator. 

4 V(FB) Control loop feedback voltage. 

5 OVP Input to over voltage comparator. 

6 OA OUT Output of uncommitted op-amp. 

7 OA- Negative Input of uncommitted 

op-amp. 

8 OA+ Positive input of uncommitted 

op-amp. 



NAME 



FUNCTION 



9 R(T) Oscillator timing resistor pin. A 5V 

source sets a current in the 
external resistor which is mirrored 
to charge C(T). 

10 SYNC Input used to synchronize the 

oscillator to an external source. 

11 PWR GND Return for the High Current 

Totem pole output. 

12 OUT High Current Totem pole output. 

13 Vcc Positive Supply for the IC. 

14 5V Vref Buffered output for the 5V voltage 

reference. 

15 SIGNAL GND Analog signal ground. 

16 C(T) Timing Capacitor for the Oscillator. 
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ABSOLUTE MAXIMUM RATINGS 

Absolute maximum ratings are those values beyond which the 
device could be permanently damaged. Absolute maximum 
ratings are stress ratings only and functional device operation 
is not implied. 

Supply Current (l^c) 40mA 

Output Current, Source or Sink (Pin 12) 

DC 1.0A 

Output Energy (capacitive load per cycle) 5//J 

Error Amp Sink Current (pin 3) 10mA 

Oscillator Charge Current 5mA 

Analog Inputs (pins X 3-8) -0.3V to 5.5V 



Junction Temperature 150°C 

Storage Temperature Range — -65*'C to +150°C 

Lead Temperature (Soldering 10 sec.) +260°C 

Thermal Resistance (^j^) 

Plastic Chip Carrier (PCC) - Q 60°C/W 

PlasticDIP-P eS^'C/W 

OPERATING CONDITIONS 

Temperature Range 

ML4813C 0°C to ZO'^C 



ELECTRICAL CHARACTERISTICS 

Unless otherwise specified, Rj = 14K0, Cy = lOOOpF, Ta = Operating Temperature Range, Vcc = 15V (Note 2) 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Oscillator 


Initial Accuracy 


Tj = 25°C 


90 


97 


104 


KHz 


Voltage Stability 


12V < Vcc < 18V 




0.3 




% 


Temperature Stability 






2 




% 


Total Variation 


line, temp. 


88 




108 


KHz 


Ramp Valley 






1.0 




V 


Ramp Peak 






4.3 




V 


R(T) Voltage 




4.8 


5.0 


5.2 


V 


Discharge Current (pin 8 open) 


Tj = 25«C, VpiN 16 = 2V 


7.5 


8.4 


9.3 


mA 




Vp,N 16 = 2V 


7.2 


8.4 


9.5 


mA 


Sync Pulse Threshold 




.8 


1.4 


2.0 


V 


Sync Input Bias Current 






350 


800 


M 


Reference Section 


Output Voltage 


Tj = 25''C, lo = 1mA 


4.95 


5.00 


5.05 


V 


Line Regulation 


12V < Vcc < 25V 




6 


20 


mV 


Load Regulation 


1mA <lo< 20mA 




3 


20 


mV 


Temperature Stability 






.4 




% 


Total Variation 


line, load, temp. 


4.9 




5.1 


V 


Output Noise Voltage 


10Hz to lOKHz 




50 




A'V 


Long Term Stability 


Tj = 125°C, 1000 Hrs, (note 1) 




5 


25 


mV 


Short Circuit Current 


Vref = OV 


-30 


-85 


-180 


mA 


Error Amplifier Section 


Input Offset Voltage 




-15 




15 


mV 


Input Bias Current 






-0.1 


-1.0 


M 


Open Loop Gain 


1 < Vp,N 3 < 5V 


60 


75 




dB 


PSRR 


12V < Vcc < 25V 


60 


70 




dB 


Output Sink Current 


Vp,N 3 = tiy Vp,N 4 = 6.2V 


2 


12 




mA 


Output Source Current 


VpiN 3 = 5.0V, VpiN 4 = 4.8V 


-0.5 


-1.0 




mA 


Output High Voltage 


IpiN 3 = -0.5mA, VpiN 4 = 4.8V 


6.0 


6.4 




V 


Output Lov^ Voltage 


lp,N 3 = 2mA, Vp,N 4 = 6.2V 




0.5 


1.0 


V 


Unity Gain Bandwidth 






1.0 




MHz 
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ELECTRICAL CHARACTERISTICS (Continued) 

Unless otherwise specified, Rj = 14K0, Cj = lOOOpF, Ta = Operating Temperature Range, Vcc = 15V (note 2) 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Un-Committed Op Amp 


Input Offset Voltage 




-10 




10 


mV 


Input Bias Current 






-0.1 


-1.0 


M 


Input Offset Current 




-0.2 




0.2 


M 


Open Loop Gain 






90 




dB 


PSRR 




80 


125 




dB 


Output High Voltage 


IpiN 6 = -20mA 


7 


8 




V 


Output Low Voltage 


Rmpin 6) = 10KO 




.2 


.5 


V 


r(LIMIT) Comparator 


Input Trip Point 


Output Off 


.8 


1.0 


1.2 


V 


Input Bias Current 






-2 


-15 


M 


Propagation Delay 






150 




nS 


OVP Comparator 


Input Trip Point 


Output Off 


5.5 


5.6 


5.7 


V 


Hysteresis 


Output On 




100 




mV 


Input Bias Current 






-0.3 


-3 


M 


PWM Comparator 


Input Common Mode Range 




-0.2 




5.5 


V 


Input Bias Current 






-2 


-10 


M 


Propagation Delay 






150 




nS 


Soft Start Section 


Soft Start Current (pin 2) 


Vp,N2 = 1V 


40 


60 


80 


M 


Output Section 


Output Voltage Low 


Iqut = 20mA 




0.1 


0.4 


V 




louT = 200mA 




1.2 


2.2 


V 


Output Voltage High 


Iqut = -20mA 


13 


13.6 




V 




Iqut = -200mA 


12 


13.4 




V 


Output Voltage Low in UVLO 


louT = 5mA, Vcc = 8V 




0.1 


0.8 


V 


Output Rise/Fall Time 


Cl = lOOOpF 




50 




nS 


Under-Voltage Lockout 


Start-up Threshold 




15 


16 


17 


V 


Shut-Down Threshold 




9 


10 


11 


V 


Vref Good Threshold 






4.4 




V 


Total Device 


Supply Current 


Start-up, Vcc = 14V 




.9 


1.5 


mA 




Operating 




20 


30 


mA 


Internal Shunt Zener Voltage 


Ice = 30mA 


25 


30 


34 


V 



Note 1: This parameter not 100% tested in production but guaranteed by design. 

Note 2: V^c is raised above the Start-up Threshold first to activate the IC, then returned to 15V. 
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FUNCTIONAL DESCRIPTION 

OSCILIATOR 

The ML4813 oscillator charges the external capacitor 
(Cj) with a current (Iset) equal to 5/Rset- When the 
capacitor voltage reaches the upper threshold, the 
comparator changes state and the capacitor discharges 
to the lower threshold through Q1. While the capacitor 
is discharging, Q2 provides a high pulse. 

The Oscillator period can be described by the 
following relationship: 



where: 
and: 



Tosc = Tramp + Tqeadtime 

Tramp = C (Ramp Valley to Peak) -^ Iset 

Tdeadtime - C (Ramp Valley to Peak) -^ 
(8.4mA - Iset) 



A pulse of a duration shorter than Tqeadtime ^^om an 
external frequency source set to a higher frequency 
than fosc can be applied to pin 10 to synchronize the 
oscillator. R(SYNC) and C(SYNC) shorten longer pulses. 



EXTERNAL CLOCK 




Td-»- 



W 



OUTPUT DRIVER STAGE 

The ML4813 Output Driver is a 1A peak output high 
speed totem pole circuit designed to quickly drive 
capacitive loads, such as power MOSFET gates. 
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SOURCE SATURATION 
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lO, OUTPUT LOAD CURRENT (mA) 

Figure 3. Output Saturation Voltage vs. Output Current 

ERROR AMPLIFIER 

The ML4813 error amplifier is a high open loop gain, 
wide bandwidth, amplifier. 




RAMP PEAK 



RAMP VALLEY -- 

Figure 1. Oscillator Bbck Diagram 
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Figure 2. Oscillator Timing Resistance vs. Frequency 



Figure 4. Error Amplifier Configuration 




f, FREQUENCY (Hz) 

Figure 5. Error Amplifier Open-Loop Gain and Phase 
vs. Frequency 
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UN-COMMITTED OP-ASA? 

The ML4813 contains an un-committed op-amp which 
is normally configured as a differencing amplifier to 
sense the output voltage. The output voltage in the 
flyback configuration is not ground referenced. The op- 
amp in the ML4813 is a PNP input amplifier similar to 
the LM324 but with an open emitter output stage (class 
A). 

UNDER VOLTAGE LOCKOUT 

On power-up the ML4813 remains in the UVLO 
condition; output low and quiescent current low. The 
IC becomes operational when Vcc reaches 16V. When 
Vcc drops below 10V, the UVLO condition is imposed. 
During the UVLO condition, the 5V Vref P'n 's "off", 
making it usable as a "flag" for starting up a down- 
stream PWM converter. 
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Figure 8. Total Supply Current vs. Supply Voltage 




Figure 6. Under-Voltage Lockout Block Diagram 
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Figure 7. Reference Load Regulation 



APPLICATIONS 

The ML4813 is used to implement a discontinuous 
mode flyback (buck-boost) power factor regulator. This 
topology is particularly well suited for low power 
applications such as: fluorescent ballasts; and low power 
switching supplies. Also it is a useful topology when 
there is a requirement for the output voltage to be 
lower than the peak input voltage, or where an isolated 
output is required. This is not possible with the boost 
topology, where the output voltage must always be 
higher than the maximum peak of the input voltage 
range. The typical input range for the flyback power 
factor regulator is from 90 VAC to 260 VAC. 

The regulator operates in the discontinuous inductor 
current conduction mode. The inductor energy stored 
during the "ON" time of the power switch Q is 
completely delivered to the output capacitance during 
the "OFF" time. At steady state conditions, the inductor 
current at the beginning of the "ON" time starts to 
ramp-up from Amps to a value that is determined by 
the instantaneous value of the input full wave rectified 
voltage; the "ON" time as it is set by the error amplifier 
and the PWM comparator; and finally by the inductor 
Itself (L). 



«^ 



RFI 
FILTER 


_ 


BRIDGE 

-w- 

RECTIFIER 



pV/v-t-AAV^' r- 



CONTROL 
CIRCUIT 
{ML4813) 



RL2 rRH2 



-0 VouT- 



JVoUT^- 



Nn Q1 



Figure 9. Block Diagram of the Regulator 
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The expression for the inductor peak current is given 
by: 

Where: 

Il(^) = The instantaneous peak inductor current. 
toN = Power switch "on" time. 
V|n(^) = Vp sin d = Instantaneous Input Voltage. 
Vp = Input Peak Voltage. 

Figure 10, is a diagram of the relationship between the 
low frequency envelope and the high frequency 
inductor current. Note that for clarity the scale between 
the two waveforms has not been preserved. Normally 
for 60Hz input line and lOOKHz switching frequency 
each half of the sine wave contains approximately 833 
high frequency triangular waveforms. 




INDUCTOR CURRENT SINUSOIDAL PEAK ENVELOPE 

SWITCH CURRENT AVERAGE CURRENT 

Figure 10. Switch and Line Currents in the 
Flyback PFC Circuit 

The envelope of the peaks of the switch current, which 
in this case represent the current drawn from the input 
source, have a sinewave shape. This relationship is 
shown as: 



Il(^) = Ip sin d 



(2) 



Combining (1) ^nd (2) the following useful relationship 
is obtained: 



tON '■ 



Lip 



(3) 



Iavg(^) = 



Ip sin 6 



(4) 



\/2 Vrms 

Note that V||m(^) = Vp sin 6, and also Vp = >y2 Vrms- The 
average value of the input triangular current is: 

Jon 

2T 

Where: 

Iavg = Average value of the switch current. 
This is the value of the current at the input of 
the regulator after filtering. 
toN = Switch "on" time. 

I I v^i iv^v^ v^i II iv^ oVvii.v.11 v-yv-i\^. 

Substitution of (3) into (4) yields. 



Equation (5) clearly shows that the average value of the 

switch current is sinusoidal and in phase with the input 

voltage. The peak value of the average current is: 

Llp2 

Iavg(PEAk) = , , sin 6 (6) 



Also: 



'aVG(PEAK) 



2.828 T Vrms 



V2P|N 



Vrms 
Solving equations (7) and (6) for Pin: 

P|N=! Llp2f 



(7) 



(8) 



For optimum performance and the lowest inductor 
peak currents, the inductor current should be at the 
verge of continuity at the lowest operating voltage 
point and at full load. The above can be satisfied if: 



V|N VouT 



(9) 



f L(V,N + Vout) 

Where: V,n = V2 x V,n min (RMS) 

Finally (8) and (9) can be combined to derive an upper 
bound for the inductor value that will guarantee that 
the regulator always stays in the discontinuous mode of 
operation. If the regulator were to operate in the 
continuous mode the average input current would not 
be sinusoidal. 

12 



L< 



V|N VoUT 



/fPiN (ViN + Vout) J 



(10) 



FLYBACK INDUCTOR CALCULATION 



Equation (10) gives the upper bound for the inductor 
value for any set of specified operating conditions. 
Normally a few iterations may be required, for finalizing 
the value. The reason for this is that equation (10) does 
not contain parameters to correct for second or third 
order effects. All this means that a good initial value for 
the inductor is probably 10 to 20% lower than the value 
calculated by the right hand side expression in (10). 

Several core materials are candidates for the inductor, 
such as: powder iron cores, gapped ferrites, moly 
permalloy cores, etc. In the application that will be 
described later, a gapped ferrite core is used. 

There are no particular restrictions on the inductor 
except that the inductance is of correct value and the 
losses are acceptable. 

INPUT BYPASS CAPACITANCE 

The triangular high frequency current is bypassed by 
the input capacitor {C\) labeled Cj in Figure 12. This is a 
high quality film capacitor with low ESR value for 
minimum losses and heating. A polyester, 
polypropylene or x-type (for line side) is a good 
candidate. Typical values, depending on the power 
level, can range anywhere from 0.33//F to 1.5//R The 
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next filtering stage of the RFI filter which has an 
inductor as input isolates C7 from the other capacitors 
which may be present at the input circuit. Note that C| 
(C7) can be on either side of the bridge rectifier. The 
preferred location for low crossover distortion is at the 
input side. The voltage ripple across this capacitor is: 

D /T|f7 \/2 P|N 

Vqp-P) =— \/^^ - (11) 

^^"^^^ Qf V Lf QfViN 

Where: 

Vqp_p) = Peak to peak worst case high 
frequency capacitor voltage. 
D = Switch Duty Cycle. 

Therefore the RFI filter that follows has to be able to 
attenuate Vqp-p) to the levels set by the relevant 
regulatory specifications. 

INPUT TRANSIENT OVERVOLTAGE PROTECTION 

Careful examination of the power circuits reveals that 
there is no large capacitance at the input of the 
regulator. The only capacitances present are the RFI 
filter capacitors. These capacitors have a combined 
value in the range of a couple of microfarads. Thus 
their ability to absorb and minimize any line induced 
transients is almost non existent. Transients can occur 
also under sudden load removal. If the line impedance 
is inductive, hazardous drain source voltages may be 
generated leading to the destruction of the power 
switch. To keep this from happening a transient over- 
voltage protection device should be chosen such that 
enough safety margin is allowed for the power switch. 
A good rule of thumb is: 



BvDSS > VzA + VouT(OVP) 



(12) 



Where: 



BvDSS = Drain-Source breakdown voltage for 

the FET 

VzA = Activation or clamping voltage of the 

over-voltage transient protector. 

VouT(OVP) = Maximum output voltage. This is 

set by the OVP function of the controller, and 

will be covered later. 

THE OUTPUT CIRCUIT 

The output circuit for this topology, although it is non- 
isolated, does not share the same ground with the 
power circuit. Therefore connecting the two grounds 
with the measuring leads of instruments should be 
avoided. This is a common mistake especially with the 
oscilloscope leads. 

The output voltage "rides" on the input voltage when 
the (+) output is measured with respect to PGND 
(figure 11). 

The extra OP-AMP provided in the ML4813 is used to 
sense the output voltage for regulation and over 
voltage conditions. This op-amp is connected as a 
difference amplifier with its output referenced to 
PGND. Resistors RH1, RH2, RL1, RL2 are used to scale 
down the voltage. 




Figure 11. Output Voltage with Respect to PGND 

Normally RH1 = RH2 = RH and RL1 = RL2 = RL Then 
the voltage designated as Vs in Figure 9 is given by: 

OUTPUT CAPACITANCE 

The output capacitance should be calculated such that 
it has the required output ripple at the worst case 
operating point. In addition the ESR should be 
sufficiently low to prevent dissipation due to RMS 
currents. The first criterion can be met by choosing the 
value of the output capacitor based on the following: 

P|N 

C > . (14) 



27rfL AVr Vout 



Where: 



C = Total output capacitance. 

Piisi = Total input power. 

AVr = Peak output capacitor ripple voltage. 

Vout = Output Voltage. 

fL = Line Frequency times 2 (120 for 60Hz line). 

The second criterion for the selection of the output 
capacitor can be satisfied by choosing a component 
with adequately low ESR value, that can safely bypass 
the RMS currents. 

OUTPUT DIODE 

The output diode can be a "fast" or ultrafast" type 
depending on the operating frequency. Reverse 
recovery losses are low since at steady state and under 
normal operating conditions the regulator operates in 
discontinuous current mode. The diode should be 
rated to handle the output current. The resulting power 
dissipation will be the forward drop of the diode times 
the output current. 

POWER SWITCH 

If a power FET is used, it should be sized for the 
required efficiency. Lower Rds(ON) devices will yield 
lower losses, but if they are operated at high 
frequencies (lOOKHz) higher charge dumping losses (1/2 
Cos Vds^ f) will be experienced. The RMS current value 
through the power FET and the sensing resistor is: 
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•rms = 



L lp3 fi 
3n/2 Vrms 



kTT 



(15) 



Where: 



'rms = Total RMS current through the power 
FET and sense resistor. 

fL = Line Frequency times 2 (120 for 60Hz line), 
r = fswiTCH/fi- 

Table 1 is provided to assist in calculating (15) above. 
When the power switch is a bipolar transistor (constant 
VcE drop) then the power dissipation produced can be 
calculated by using (16): 



0.9 P|N 

Pd ^ VcE 

Vrms 



(16) 



Where: 



Pd = Power dissipation by the transistor 

(conduction losses). 

Vrms = R/^S value of the minimum 

input voltage. 

VcE = Collector Emitter forward drop of 

the power transistor. 

OFF-LINE START-UP AND BIAS SUPPLY GENERATION 

A fast starting circuit is shown in figure 12. MOSFET Q2 
quickly charges the IC's Vcc capacitor (C8) when the 
supply is initially turned on. This allows the supply to 
come on less than 1 second after AC power is applied. 
A simpler start-up circuit may be used which replaces 
the active circuit with a 39Kn 2W resistor but starts 
more slowly (up to 15 seconds under low line 
conditions). Systems which do not require quick 
starting can reduce cost with the latter start-up method. 



Witch 
(KHz) 


r 






20 


167 


9.1 


30 


250 


11.2 


40 


333 


12.9 


50 


417 


14.4 


60 


500 


15.8 


70 


583 


171 


80 


667 


18.3 


90 


750 


19.4 


100 


833 


20.4 


110 


917 


21.4 


120 


1000 


22.4 


130 


1083 


23.3 


140 


1167 


24.2 


150 


1250 


25.0 


160 


1333 


25.7 


170 


1417 


26.5 


180 


1500 


273 


190 


1583 


28.0 


200 


1667 


28.9 



Table 1. Figures for Calculating Irms (^* 1^) 



POWER FACTOR ENHANCEMENT 

Some combinations of line and load may exhibit 
distortion of the input current waveform. This distortion 
is usually caused by the inductor "ringing" with the 
Cos of the power MOSFET, resulting in a non-zero 
inductor current at the beginning of the next cycle. 
This ringing can be dampened by using R2 and D7 in 
figure 12. Applications which can get by with slightly 
worse power factor can eliminate these components. 

ADJUSTING THE OUTPUT VOLTAGE 

The error amplifier creates an error voltage from the 
difference between the output voltage presented on 
pin 6 and the 5V internal reference. Since the output 
voltage is not ground referenced, the ML4813's internal 
op-amp is connected as an instrumentation amplifier 
(figure 13). 

The output voltage is set by a combination of resistors 
which determine the relationship between (VouT+ - 
Vqut-) and the output of the op-amp (pin 6). For the 
following discussion, R15' = R15 + R16 and R14' = R14 + 
R13. The differencing amplifier operation depends on 
the following relationships: 

R15' = R14' 

and 

R12 = R25 + (R18 || R17) 



VoUT+ 

VoUT-> WV 




Figure 13. Ground Referencing the Output Voltage 



Then: 



_ / 5V X R18 W R15^ \ / R14' ^ \ 
^^^ \ R17 + R18 / 1 R15' + R25 n R12 "" 1 

Since R25 is a low value compared to R15', the second 
term reduces to approximately 1. The third term is set 
at approximately 200. Therefore the above equation 
reduces to: 



VouT - 1000 X 



R18 



R17 + R18 



The over voltage comparator has a threshold that is set 
for 1.12 X Vqut when pin 5 and pin 6 are connected 
directly. Figure 14 shows the connection for setting an 
GYP trip point higher than 1.12 x VquT/ where: 
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I VA •■ 



Figure 14. Setting OVP for a Vqvp > 112 x Vqut 

RA + RB\ 



Vovp = 1.12 X VouT X 



RB 




SHORTED TURN 
(COPPER FOIL) 




Figure 16. Construction of EMI Shield for Ungapped Cores 



Manufacturer 

MicroMetals 



Parttt 

T68-26D 



Turns 

80T #24AWG 



Figure 15. Setting OVP for a Vqvp < 1.12 x Vqut 

Figure 15 shows OVP set for a voltage lower than 1.12 x 
Vqut where: 

/ RD + R24 \ 
Vovp = 1-12 x Vqut ^ \ — ^5 — ) 

INDUCTOR INFORMATION 

L3 is the flyback inductor and also provides the 
operating power for the control circuitry. A gapped 
ferrite pot core was chosen for this application for it's 
modest high frequency losses with high ripple current 
operation. Some possible choices are: 



Manufacturer 


Parttt 


Total Gap 


Np 


Magnetics Inc. 


F43019 


.05" 


32 


Ferroxcube (Phillips) 


3019 PL00-3F3 


.05" 


32 


Ferroxcube (Phillips) 


3019 PA125-3C8 


.07" 


38 



The first 2 cores are sold ungapped and require the 
use of a .025" spacer to gap the center leg to yield a 
total gap length of .05". If an ungapped core is used, a 
"shorted turn" should be employed as shown below 
(figure 16) to prevent radiated EMI. The third core listed 
is sold with its center leg pre-gapped (.07" total), hence 
the outside of the core closes completely providing 
shielding without the shorted turn being required. Ns 
should be 3 turns. All windings tt24AWG wire. 

LI and L2 inductors are constructed using a powdered 
iron. This is a suitable material for these inductors since 
the high frequency ripple currents (and resulting flux 
excursions) are much less severe than for L3. The core 
selected is: 



COMPONENT 


DESCRIPTION 


C1, C2 


0.68//F, 630V 


C3, C5, C6 


.01//F, 1KV 


C4 


330a(F, 250V 


C7 


lOOOpF, 50V 


C8 


1000A/F, 16V 


C9 


1A/F, 50V 


CIO 


6800pF, 50V 


C11, C14 


0.1//F, 50V 


C12 


4.7//F, 50V 


C13 


022fj¥, 50V 


D1 thru D4 


1N5406 


D5, D8 


1N4148 


D6, D7 


MUR460 


D9 


22V Zener, 1/4 W 


F1 


3AG, 3A, 250V 


Heat Sink 


Thermalloy 6398-U-P3 


LI, L2 


500AfH, 1.5A RMS 


L3 


160//H, 5A peak 


Q1 


MTH8N60 


Q2 


IRF821 


Q3 


2N2222 


R1 


220KQ 


R2, R19, R20 


4.3KO 


R3 


100 


R4 thru R9 


10 


R10 


lOOO 


R11 


1.8KQ 


R12 


4.02KO, 1% 


R13 thru R16 


402KO, 1% 


R17 


806Q, 1% 


R18 


2000 


R21 


510KQ 


R22, R23 


2K0 


R24 


100KQ 


R25 


3.83KQ, 1% 


U1 


ML4813CP 


VR1 


TNR12G431KM 



Note: All resistor values 1/4 W ± 5% unless otherwise specified. All 
capacitor values ±10% unless otherwise specified. 

Table 2. Component Values for Figure 8 
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ORDERING INFORMATION 



PART NUMBER 


TEMPERATURE 
RANGE 


PACKAGE 


ML4813CP 
ML4813CQ 


0°C to +70°C 
0°C to +70°C 


Molded DIP 
Molded PCC 



Micro Linear 
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October 1990 
PRELIMINARY 

ML4815 



Zero Voltage Switching Resonant Controller 



GENERAL DESCRIPTION 

The ML4815 is designed to facilitate zero-voltage 
switched (ZVS) resonant converters requiring constant 
off-time and variable on-time control. Since the power 
MOSFET is turned on at zero voltage in ZVS resonant 
converters, power dissipation due to charge-dumping 
of the MOSFET drain-source capacitance is eliminated, 
allowing high frequency operation and power density 
to be maximized. MOSFET parasitic drain-source 
capacitance can also be used as part of the resonant 
circuit, minimizing component count. 

The ML4815 features a monostable multivibrator for 
precise off-time setting. The on-time is modulated 
through a ramp comparator in a manner similar to 
PWM converters. Either current-mode control with 
maximum on-time clamp or voltage-mode control with 
input feedforward can be selected. 

ML4815 supports pulse-by-pulse (peak) current limiting 
as well as "hiccup" mode ifor fault protection. The 
controller is designed for operation up to 2MHz. 
ML4815 also includes a wide band error amplifier and 
a high peak current output driver which minimizes 
cross-conduction current. 



FEATURES 

■ Supports Single-Switch ZVS Resonant Topology 
with Minimal External Components 

■ Ideal for Simple, High Density DC to DC 
Converters 

■ Small Converter Frequency Variation from No-Load 
to Full-Load 

■ High Current (2A Peak) Totem-Pole Output Drive 
with Low Cross Conduction 

■ Precision Buffered 5.1V Reference (±2%) 

■ Wideband (5.5MHz), High Slew Rate (12V///S) Error 
Amp. 

■ Under-Voltage Lockout with Low Current Start-Up 

■ Integrating Fault Detection/Soft-Start Reset 



BLOCK DIACfRAM (Pln out shown is for 16-pln DIP) 



H^ 



H^ 



S^ 





?T 




OVERLOAD 
PROTECTION 



> 



o- 



ONE 
SHOT 
TRIG 



RCr 






POWER Vcr 



L^M 



^o- 




<^ 



UNDER 
VOLTAGE 
LOCKOUT 



Vcc 






S.IVVREFr 




.■^ 



Q— (P^^°^^ 1.1V/2.3V 



IGND, — , 



RC(RESET) 



a 
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PIN CONNECTIONS 



ML4815 
16-Pin DIP 



ML4815 
20-Pin PCC 




INV REF 

NV I NC I Vcc 



!f 



E/A OUT 

RAMP [ 5 

NC [ 6 

r(LIM) [ 7 

RdCt [ 8 



9 10 11 12 13 
LJ LJ L-l LJ LJ 

Re I |OFf I CND 
FF RC (RESET) 

TOP VIEW 



18 ] Vc 

17 ] NC 

16 ] PGND 

15 ] OUT 

14 ] NC 



PIN DESCRIPTION 

PIN # NAME 



FUNCTION 



1 


INV 


2 


Nl 


3 


E/A OUT 



RAMP 



5 


l(LIM) 


6 


RdCt 


7 


Re 


8 


FF 



Inverting input to error amp. 

Non-inverting input to error amp. 

Output of error amplifier and 
input to main comparator. 

Non-inverting input to main 
comparator. Connected to pin 8 
for feedforward voltage-mode 
control or to pin 5 for current- 
mode control. 

Current limit sense pin. Normally 
connected to current sense resistor. 

Off-time setting capacitor and 
resistor. 

Resistor to pin 6 to limit Cj 
charging rate. 

Capacitor to generate feedforward 
ramp. 



PIN # 



14 

15 
16 



NAME 



FUNCTION 



9 


SOFT START 


10 


RC (RESET) 


11 


CND 


12 


OUT 


13 


PGND 



Vc 

Vcc 
5.1V REF 



Normally connected to Soft Start 
Capacitor and charging resistor. 

Timing Capacitor for over-current 
integration and restart-delay. 

Analog Signal Ground. 

High Current Totem pole output. 

Return for the High Current 
Totem pole output. 

Positive Supply for the High 
Current Totem pole output. 

Positive Supply for the IC. 

Buffered output for the 5.1V 
voltage reference. 
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ABSOLUTE MAXIMUM RATINGS 

Absolute maximum ratings are those values beyond which the 
device could be permanently damaged. Absolute maximum 
ratings are stress ratings only and functional device operation 
is not implied. 

Supply Voltage (Pins H 15) 30V 

Output Current, Source or Sink (Pin 12) 

DC 0.5A 

Pulsed (O.Syws) 2A 

Analog Inputs (Pins 1, 2, 4, 5, 8, 9, 10) -0.3V to 6V 

Error Amplifier Output Current (pin 3) -5mA 

Soft Start Sink Current (Pin 9) 100mA 

Feedforward Sink Current (Pin 8) 80mA 

Cj Charging Current (Pin 7) -50mA 



Junction Temperature 

ML4815C 125°C 

Storage Temperature Range -BS^C to +150°C 

Lead Temperature (Soldering 10 sec) +260°C 

Thermal Resistance (^j^) 

Plastic DIP 65°C/W 

Plastic Chip Carrier (PCC) 60°C/W 

OPERATING CONDITIONS 

Temperature Range 

ML4815C 0°C to 70°C 



ELECTRICAL CHARACTERISTICS 

Unless otherwise noted, these specifications apply for Cj = 330pF, Re = 
Ta = Operating Temperature Range. Pin numbers refer to 16-pin DIP. 



100n, Rd = 2KQ, Vcc = 15V, 



PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Reference Section 


Output Voltage 


Tj = 25°C, lo = 1mA 


5.00 


5.10 


5.20 


V 


Line Regulation 


10V < Vcc < 30V 




2 


20 


mV 


Load Regulation 


1mA <lo< 10mA 




5 


20 


mV 


Temperature Stability 


-55°C < Tj < 125°C, (note 1) 




.2 


.4 


% 


Total Variation 


line, load, temp (note 1) 


4.95 




5.25 


V 


Output Noise Voltage 


10Hz to lOKHz 




50 




//v 


Long Term Stability 


Tj = 125°C, 1000 hrs, (note 1) 




5 


25 


mV 


Short Circuit Current 


Vref = OV 


-15 


-50 


-100 


mA 


Error Amplifier Section 


Input Offset Voltage 








15 


mV 


Input Bias Current 






.6 


3 


M 


Input Offset Current 






.1 


1 


M 


Open Loop Gain 


1 < Vo < 4V 


60 


96 




dB 


CMRR 


1.5 < VcM < 5.5V 


75 


95 




dB 


PSRR ' 


12 < Vcc < 25V 


75 


110 




dB 


Output Sink Current 


Vp,N 3 = IV 


1 


2.5 




mA 


Output Source Current 


Vp,N 3 = 4V 


-.5 


-1.3 




mA 


Output High Voltage 


IpiN 3 = -0.5mA 


4.0 


4.7 


5.0 


V 


Output Low Voltage 


lpiN3 = 1mA 





0.5 


1.0 


V 


Unity Gain Bandwidth 


(note 1) 


3 


5.5 




MHz 


Slew Rate 


(note 1) 


6 


12 




V///S 


RAMP Comparator Section 


Pin 4 Bias Current 


VpiN 7 = 




-0.7 




.'A 


Pin 3 Zero DC Threshold 


VpiN 2 = 2V, VpiN 1 = VpiN 3 
Vp,N5 = 0,Vp,N6 = 1.5V 
Vp,N 8 = 2V 




1.18 




V 


Delay to Output 


Cl = 0, (note 1) 




55 




ns 
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ELECTRICAL CHARACTERISTICS (Continued) 

Unless otherwise noted, these specifications apply for Cj = 330pF, Re = 100Q, Rq = 2KQ, Vcc = 
Ta = Operating Temperature Range. Pin numbers refer to 16-pin DIP 



15y 



PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Current Limit Comparator 


Pin 5 Input Bias Current 


< Vp,N 5 < 4V 




2 




M 


Current Limit Threshold 






1.41 




V 


Hysteresis 






30 




mV 


Delay to Output 


VpiN 10 = 0, Cl = (note 1) 




50 




ns 


One-Shot Section 


Off-Time Initial Accuracy 


Cl = 0, Ta = 25«C 




0.45 




fJS 


Off-Time Voltage Stability 


Cl = 0, 12V < Vcc < 25V 




5 




% 


Off-Time Temperature Stability 


Cl = (note 1) 




5 




% 


Off -Time Total Variation 


Cl = 0, line, temp (note 1) 




6 




% 


Feedforward /Maximum On-Time Clamp Section 


Discharge Current 


VpiN 8 = 2.5V 




30 




mA 


On-Time Initial Accuracy 


CpF = 330pF, RpF = 2.7KQ to Vref, 
Cl = 




1.0 




fJS 


Shutdown /Restart Section 


Pin 10 Charging Current 






-250 




M 


Overload Shutdown Threshold 






2.3 




V 


Restart Threshold 






1.1 




V 


Soft-Start Section 


Input Bias Current 


Vp,N 9 = 4V 




1 




M 


Discharge Current 


VpiN 9 = 1V 




25 




mA 


Under-Voltage Lockout Section 


Start Threshold 






13.4 




V 


UVLO Hysteresis 






3.6 




V 


Output Section 


Output Low Level 


louT = 20mA 




0.25 


0.40 


V 




louT = 200mA 




1.2 


2.2 


V 


Output High Level 


louT = -20mA 




13.0 




V 




Iqut = -200mA 




12.7 




V 


Rise/Fall Time 


Cl = InF (note 1) 




30 




ns 


Supply Current 


Start Up Current 






1.3 




mA 


Operating l^c 


f = 1MHz, Cl = 0, Ta = 25*'C 




28 




mA 
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FUNCTIONAL DESCRIPTION 

ML4815 PRINTED CIRCUIT BOARD 
LAYOUT CONSIDERATIONS 

High speed circuits demand careful attention to layout 
and component placement. To assure proper 
performance of the ML4815, follow these rules: 1) Use a 
ground plane. 2) Damp or clamp parasitic Inductive 
kick energy from the gate of driven MOSFET. Don't 
allow the output pins to ring below ground. A series 
gate resistor or a shunt 1 Amp Schottky diode at the 



output pin will serve this purpose. 3) Bypass Vco Vq 
and Vref- Use 1//F monolithic ceramic capacitors for 
Vcc and Vc with low equivalent series inductance. 
Allow less than 1 cm of total lead length for each 
capacitor between the bypassed pin and the ground 
plane. 4) Treat the off-time setting capacitor, Cj, like a 
bypass capacitor. 



ERROR AMPLIFIER CIRCUIT 



Simplified Schematic 



I 



l[2]- 
I 



I 



Nl 



<P 




Open-Loop Frequency Response 



Unity Gain Slew Rate 



^v Av 



5 
4 

(V) 3 
2 
1 



ViN/ 



d^ 



A 



VOUT 



s 



0.2 0.4 0.6 0.8 1.0 

TIME (/wS) 



100 IK 10K 100K 1M 10M 100M 
FREQ (Hz) 



6-58 



Ji^ Micro Linear 



ML4815 



CONTROL METHODS 

In current-mode control, the current transformer 
output is fed into the RAMP comparator input The 
current-sense waveform is used as the on-time 



modulating ramp. The on-time can be clamped to a 
maximum by using Rpp and Cpp as shown. 



Current-Mode Control with Maximum On-Time Clamp 



CURRENT 
TRANSFORMER 



Vino ^11 

Jon 



^/lyL 



=rCFF 



^ 



1.25V 



r 




# 



FROM E/A OUT 



S^ 



: REF 

[$H-| 



►Rff 



In feedforward voltage-mode control, the on-time 
modulating ramp is generated with an external 
capacitor Cpp from pin 8 to the ground. Cpp is charged 
through an external resistor Rpp. The maximum on-time 



is the time taken to charge Cpp to 3.7V. Since the 
charging current depends on V|n, the resulting 
maximum on-time varies with Vin- 



Feedforward Control 



^lyl . 
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OUTPUT SECTION 



Totem-Pole MOSFET Drive with Reduced Cross-Conduction 

-w- 




Cbypass 



RISE /FALL TIME (Cl = InF) 



RISE/FALL TIME (Cl = lOnF) 



J 


V 










/ 




\ 


f 




V 




i 


/ 




\ 




/ 
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0.2 
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l\. 



± 



T 



'\7 



2 
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' — I ^ 

-2 



fc 
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When driving power MOSFET's with high equivalent 
gate capacitance (Cq > 3nF), it is advisable to use an 
external 1N4148 diode between Vcc and Vc pins (figure 
above) to reduce extra power dissipation caused by 
slow turn-off of Q7. In this case both Vcc and Vc pins 
should have bypass capacitors (C = 1/iF) as close as 
possible to the IC pins. 

Ic vs Q 



Vol Curve 
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ONE-SHOT 

The figure below shows the detailed block diagram of 
the one-shot. The one-shot is programmed with 
external resistors Rq Rq and capacitor Cj. Assuming 
that CLK is low and Q2 conducts initially, the timing 
capacitor Cj is charged to 4V through R^ ^nd Q3- This 
corresponds to the switch conduction cycle (on-time). 
When either the feedforward ramp or the sensed 
current signal exceeds the error amplifier output 
voltage, a trigger pulse is sent to the one-shot, setting 
the R-S latch X2 and disabling Q3. Cj is immediately 
discharged through Rq until Cj voltage reaches the 
lower threshold (2V) of the Sch mitt-trigger X^. At this 
point, Xi output goes high, resetting X2. Qi turns off, 
allowing Q3 to recharge Cj to 4V. This time interval 
corresponds to the switch off-time. Since the off-time is 
simply the discharge time of Cj, one can express 

Toff = 0.69 RdCj 



Block Diagram of the One-Shot 



Timing Diagram of the One-Shot 




The purpose of Re is to slow the charging transient of 
Cj in order to widen the internal reset pulse. Re is 
usually chosen such that the following inequality is 
satisfied. 



Re 



< 0.05 
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CONSTANT ON-TIME CUMP (In Current-Mode Only) 



Constant On-Time Clamp 




Vbias = 



In current-mode control, the maximum on-time can be 
clamped by using the comparator Xi (figure above). The 
internal transistors Qy Q2 and diode D2 discharges Cpp 
to approximately Vbe- The time taken to charge Cpp 

/ Vref + 0-488 Vbe \ 
from Vbe to Vbias = ' ' 



1.488 



sets the 



maximum on-time. The diode D^ compensates the Vbe 
dependent Cpp valley voltage. It can be shown that 

ToN(MAX) '^ 1-115 RpF CpF 
and ToN(MAX) 's relatively independent of temperature. 



^ 10 



Ton vs Rff 

lOnF 3.3nF InF 330pF lOOpF 
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CURRENT-LIMmNG, OVERLOAD SHUTDOWN AND FAULT MANAGEMENT 

Overload Protection and Fault Management 



SOFT START ( >■ 




CLK>- 



ML4815 features a unique overload protection scheme. 
The power transistor current is compared with the 
current-limit threshold (1.4V) of X3. When the sensed 
current exceeds this threshold, the one-shot is triggered 
and the R-S latch X4 is set. The one-shot blanks the 
gate drive and X4 turns on the current source Ip. The 
external capacitor Crd, which is normally fully 
discharged, is charged towards an overload threshold of 
2.3V. The packet of charge delivered to Crd •" each 
over-current cycle is Ip x Tqff (figure below). X4 is reset 
after the off-time elapses. If output short is removed 
before Crd reaches the overload threshold, Crd will be 
discharged through Rrd and normal operation will 
resume. Under persistent output short circuit, Crd is 



charged until it reaches 2.3V. The gate drive is 
immediately terminated and the soft-start capacitor is 
discharged. Crd then discharges through Rrd towards 
the restart threshold (1.1V). Gate drive remains off until 
Crd is discharged below 1.1V. The time taken for Crd 
to discharge to the restart threshold is the restart-delay 
time. This delay reduces the average power delivered 
to the load during overload, thus protecting both the 
load and the controller. If overload persists, the 
controller will continue to hiccup until the cause of 
overload is removed. The controller undergoes soft-start 
at each restart. The overload shutdown and restart 
sequence for a converter with non-bootstrapped power 
supply Vcc is illustrated in figure. 



Current Limiting Overload Shutdown and Restart Sequence 
(Non-Bootstrapped Operation) 



CRD CHARGING 
CURRENT 



250//A 




RESTART 
DELAY 
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For a bootstrapped converter (where controller Vcc is 
obtained from an auxiliary winding of the main 
transformer), overload shutdown causes both the 
converter output and the controller Vcc to collapse. 
Undervoltage lockout (UVLO) is activated and the on- 
chip bandgap reference is disabled. ML4815 dissipates 
only 2mA of supply current during shutdown. Since 

Simplified Vcc Bootstrapping Scheme 



LR 
D. ^ 



fRBLEED 



■bleed 



T 



^SECONDARY' 



'bleed is higher than the start-up current, Cs will be 
charged towards the UVLO start threshold. When this 
happens, the entire controller becomes operational 
except that the gate drive remains off. Ice jumps to its 
full operational value. Since Vcc bootstrapping is not 
yet available. Ice will discharge Cs below the UVLO 
stop threshold. The on-chip reference will again be 
disabled with the controller supply current reduced to 
2mA. Ibleed will again charge Cs towards the UVLO 
start threshold. The process repeats until Crd is 
discharged below the restart threshold. The shutdown 
and restart sequence is illustrated with the timing 
diagram below. 

Overload Shutdown UVLO and Restart Sequence 
(Bootstrapped Operation) 



V V 
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OPEN LOOP LABORATORY TEST FIXTURE 
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ORDERING INFORMATION 



PART NUMBER 


TEMPERATURE 
RANGE 


PACKAGE 


ML4815CP 
ML4815CQ 


0°C to +70°C 
0°C to +70°C 


Molded DIP 
Molded PCC 
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October 1990 
PRELIMINARY 

ML4816 



High Frequenq^ Multi-Mode Resonant Controller 



GENERAL DESCRIPTrON 

The ML4816 controller IC is suitable for a wide range 
of resonant converter topologies. This controller can 
be used with Zero Current Switched (ZCS) Quasi 
Resonant Converters (QRC) requiring constant on-time 
and modulated off-time, as well as frequency 
modulated converters such as Series Resonant 
Converters operating above resonance. 

The ML4816's oscillator features independent control of 
charging and discharging currents (on-time and off- 
time). Output frequency can be obtained either 
proportional or inversely proportional to the controlling 
voltage. In addition, both upper and lower frequency 
limits (f/viiN and fMAx) can be independently set. 

Both pulse-by-pulse and DC current limiting are 
provided for. Overload protection (shutdown) is 
triggered after a programmable delay time. Restart after 
overload shutdown can be delayed by a programmable 
time. Internal logic disables the restart delay on initial 
turn-on. 

The ML4816 Includes under-voltage lockout with 6V 
hysteresis and high current high speed totem pole 
output drivers for high speed drive of external 
MOSFETs. 



FEATURES 

■ Supports Zero Current Switched (ZCS) Quasi- 
Resonant Converters 

■ Supports Series Resonant (ZVS) converters 
operating above resonance 

■ Wide oscillator frequency range 

■ Programmable fMiN and fMAX ''"^its 

■ Practical Operation to 2.5 MHz (fosc) 

■ Low Start-up Current and Under-Voltage Lockout 
Circuits support Off-Line Operation 

■ Pulse by Pulse or DC Current Limiting 

■ Integrating Soft Start Reset (Fault Integration) with 
Programmable Restart Delay 

■ High current (2A peak) totem-pole output drive 

■ Precision buffered 5V Reference (±1%) 



BLOCK DIAGRAM 
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PIN CONFIGURATION 



ML4816 
20-Pin DIP 



ML4816 
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V(D) 




6 


15 




PWR GND 


V(F) 
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October 1990 
ADVANCE INFORMATION 

ML4817 



High Frequenq^ Single-Ended PWM Controller 



GENERAL DESCRIPTION 

The ML4817 High Frequency PWM Controller is 
optimized for use in single-ended Switch Mode Power 
Supply designs running at frequencies up to 1MHz. 
Propagation delays are minimal through the 
comparators and logic for reliable high frequency 
operation while slew rate and bandwidth are 
maximized in the error amplifier. This controller is 
designed to work in either voltage or current mode. 

A unique overload protection circuit helps to limit 
stress on the output devices. This integrating method 
of fault detection also provides for reset delay before 
restart. A 1.4V threshold current limit comparator 
provides cycle-by-cycle current limit. 

The ML4817 oscillator features accurately 
programmable dead time control to precisely limit the 
maximum duty cycle. 

The ML4817 is fabricated on a 40V bipolar process 
from the FB3480 Power Supply Controller Array. 
Customized versions of this controller are therefore 
easily implemented. Please refer to the FB3480 
datasheet for more information. 



FEATURES 

■ Practical Operation at Switching Frequencies to 
1MHz 

■ High Current (2A peak) Totem Pole Output 

■ Temperature Stable precise oscillator frequency and 
dead time 

■ Precision maximum duty cycle limit 

■ Integrating fault detection with reset delay 

■ Fast Shut Down Path from Current Limit to Output 

■ Output pulls low for Under-Voltage Lockout 

■ Under-Voltage Lockout circuit with 3.6V hysteresis 
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October 1990 
ADVANCE INFORMATION 

ML4818 



Phase Modulation/Soft Switching Controller 



GENERAL DESCRIPTION 

The ML4818 is a complete phase modulation control IC 
suitable for full bridge soft switching converters. Unlike 
conventional PWM circuits, the phase modulation 
technique allows for zero voltage switching transitions 
and square wave drive across the transformer. The IC 
modulates the phases of the two sides of the bridge to 
control output power. 

The ML4818 can be operated in either current or 
voltage mode. The delay times for the outputs are 
externally programmable to allow the zero voltage 
switching transitions to take place. 

Both pulse-by-pulse current limit and integrating fault 
detection and soft start reset are provided. The under- 
voltage lockout circuit features a 6V hysteresis with a 
low starting current to allow off-line start up with a 
bleed resistor. A shutdown function powers down the 
IC, putting it Into a low quiescent state. 



The circuit can be operated at frequencies above 
1MHz. The ML4818 contains four high current totem 
pole outputs which feature high slew rate with low 
cross conduction. 



FEATURES 

■ Controls Full Bridge Phase Modulation Zero 
Voltage Switching Circuit 

■ Four 2A Peak Current Totem Pole Output Drivers 

■ Operation to 1.5MHz 

■ Voltage Mode or Current Mode Operation 

■ Cycle-by-Cycle Current Limiting with Integrating 
Fault Detection 

■ Precision Buffered 5V Reference (+1%) 

■ Under-Voltage Lockout Circuit with 6V Hysteresis 

■ Programmable Clock Width and Output Blanking 
Delay 
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November 1990 
ADVANCE INFORMATION 

ML4819 



Power Factor and PWM Controller "Combo" 



GENERAL DESCRIPTION 

The ML4819 is a complete boost mode Power Factor 
Control (PFC) which also contains a PWM controller. 
The PFC circuit is similar to the ML4812 while the 
PWM controller can be used for current or voltage 
mode control for a second stage converter. Since the 
PWM and PFC circuits share the same oscillator, 
synchronization of the two stages is inherent. The 
outputs of the controller IC provide high current 
(>1A peak) and high slew rate to quickly charge and 
discharge MOSFET gates. Special care has been taken 
in the design of the ML4819 to increase system noise 
immunity. 

The PFC section Is a peak current sensing control 
which uses a current sense transformer or SENSE FET 
to non-disslpatively sense switch current, giving the 
system improved overall efficiency over the average 
current sensing control method. 



The PWM section includes cycle by cycle current 
limiting, precise duty cycle limiting for single ended 
converters, and slope compensation. 

FEATURES 

■ Two 1A Peak Current Totem-Pole Output Drivers 

■ Precision buffered 5V Reference (±1%) 

■ Large oscillator amplitude for better noise 
immunity 

■ Precision duty cycle limit for PWM section 

■ Current input multiplier reduces external 
components and improves noise immunity 

■ Programmable Ramp Compensation circuit 

■ Over-Voltage comparator eliminates output 
"runaway" due to load removal 

■ Wide common mode range in current sense 
comparators for better noise immunity 

■ Under-Voltage Lockout circuit with 6V hysteresis 



BLOCK DIAGRAM (Pln out shown is for DIP) 
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PIN CONFIGURATIONS 



ML4819 
20-Pm DIP 



ML4819 
20-Pin PCC 



KSENSE) A 




1 


^2. 


] cm 


OVP 




2 


19 


] GND 


MULTIPLIER 




3 


18 


] V(REF) 


EA OUTA 




4 


17 


] PGND A 


INV A 




5 


16 


] OUTA 


KSINE) 




6 


15 


] Vcc 


DUTV CYCLE 




7 


14 


] OUTB 


PWMB 




8 


13 


] PGND B 


KSENSE) B 




9 


12 


] RAMP COMP 


RCT) 




10 


11 


] l(LIM) 



MULTIPLIER KSENSE) A GND 
OVP I CCD 



EA OUT A [ 4 

INV A [ 5 

KSINE) [ 6 

DUTV CYCLE [ 7 

PWM B [ 8 




KSENSE) B I l(LIM) | PGND B 
R(D RAMP COMP 
TOP VIEW 



PIN DESCRIPTION 



PIN ft 



1 



10 



NAME 



FUNCTION 



KSENSE) A Input from the PFC Current 

Sense Transformer to the PWM 
comparator (+). Current Limit 
occurs when this point reaches 
5V 

OVP input to over voltage comparator. 

MULTIPLIER Output of Current Multiplier. A 
resistor to ground on this pin 
converts the current to a voltage. 

EA OUT A Output of error amplifier. 

INV A Inverting input to error amplifier. 

I(SINE) Current Multiplier input. 

DUTY CYCLE PWM controller duty cycle is 
limited by setting this pin to a 
fixed voltage. 

PWM B Error voltage feedback input. 

KSENSE) B Input for Current Sense resistor 
for current mode operation or 
for Oscillator ramp for voltage 
mode operation. 

R(T) Oscillator timing resistor pin. A 

5V source across this resistor sets 



the char; 



current for C(T 



PIN # 



NAME 



FUNCTION 



11 l(LIM) Cycle by cycle PWM current 

limit. Exceeding IV threshold on 
this pin terminates the PWM 
cycle. 

12 RAMP COMP Buffered output from the 

Oscillator Ramp (C(T)). A resistor 
to ground sets a current 1/2 of 
which is sourced on pins 9 and 
11. 

13 GND B Return for the high current 

totem pole output of the PWM 
controller. 



14 


OUT B 


PWM controller totem pole 
output. 


15 


Vcc 


Positive Supply for the IC. 


16 


OUTA 


PFC controller totem pole output. 


17 


GND A 


Return for the high current 
totem pole output of the PFC 
controller. 


18 


V(REF) 


Buffered output for the 5V 
voltage reference. 


19 


GND 


Analog signal ground. 


on 




Timing Capacitor for the 
Oscillator. 
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ABSOLUTE MAXIMUM RATINGS 

Absolute maximum ratings are those values beyond which the 
device could be permanently damaged. Absolute maximum 
ratings are stress ratings only and functional device operation 
is not implied. 

Supply Voltage (Vcc) 35V 

Output Current, Source or Sink (Pin 12) 

DC 1.0A 

Output Energy (capacitive load per cycle) 5ywJ 

Multiplier l(SINE) Input (Pin 6) 1.2mA 

Error Amp Sink Current (Pin 3) 10mA 

Oscillator Charge Current 2mA 

Analog Inputs (Pins 1, 4, 5) -0.3V to 5.5V 



Junction Temperature 150°C 

Storage Temperature Range -65°C to +150°C 

Lead Temperature (Soldering 10 sec) +260°C 

Thermal Resistance (^ja) 

Plastic Chip Carrier (PCC)-Q eCC/W 

Plastic DIP-P 65«C/W 

OPERATING CONDITIONS 

Temperature Range 

ML4819C 0°C to +70''C 



ELECTRICAL CHARACTERISTICS 

Unless otherwise specified, Rj = 14KQ, Cj = lOOOpF, Ta = Operating Temperature Range, Vcc = I^V (note 2) 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Oscillator 


Initial Accuracy 


Tj = 25°C 


90 


97 


104 


KHz 


Voltage Stability 


12V < Vcc < 25V 




0.2 




% 


Temperature Stability 






2 




% 


Total Variation 


line, temp 


88 




106 


KHz 


Ramp Valley 






0.9 




V 


Ramp Peak 






4.3 




V 


R(T) Voltage 




4.8 


5.0 


5.2 


V 


Discharge Current (pin 8 open) 


Tj = 25«'C, Vp,N 16 = 2V 


7.5 


8.4 


9.3 


mA 




VpiN 16 = 2V 


7.2 


8.4 


9.5 


mA 


Duty Cycle Limit Comparator 


Input Offset Voltage 




-15 




15 


mV 


Input Bias Current 






-2 


-10 


M 


Duty Cycle 


VpiN 7 - Vref/2 


43 


45 


47 


% 


Reference Section 


Output Voltage 


Tj = 25°C, lo = 1mA 


4.95 


5.00 


5.05 


V 


Line Regulation 


12V < Vcc < 25V 




2 


20 


mV 


Load Regulation 


1mA < Io<20mA 




8 


25 


mV 


Temperature Stability 






.4 




% 


Total Variation 


line, load, temp 


4.9 




5.1 


V 


Output Noise Voltage 


10Hz to lOKHz 




50 




//V 


Long Term Stability 


Tj = 125°C, 1000 hrs, (note 1) 




5 


25 


mV 


Short Circuit Current 


Vref = OV 


-30 


-85 


-180 


mA 


Error Amplifier Section 


Input Offset Voltage 




-15 




15 


mV 


Input Bias Current 






-0.1 


-1.0 


M 


Open Loop Gain 


1<Vp,N4<5V 


60 


75 




dB 


PSRR 


12V < Vcc < 25V 


60 


90 




dB 


Output Sink Current 


Vp,N 4 = 1.1V, Vp,N 5 = 5.2V 


2 


12 




mA 
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ELECTRICAL CHARACTERISTICS (Continued) 

Unless otherwise specified, Rj = 14KQ, Cj = lOOOpF, Ta = Operating Temperature Range, Vcc = 15V (note 2) 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Error Amplifier Section (Continued) 


Output Source Current 


Vp,N 4 = 5.0V, VpiN 5 = 4.8V 


-0.5 


-1.0 




mA 


Output High Voltage 


IpiN 4 = -0.5mA, VpiN 5 = 4.8V 


6.5 


7.0 




V 


Output Low Voltage 


IpiN 4 = 2mA, VpiN 5 = 5.2V 




0.7 


1.0 


V 


Unity Gain Bandwidth 






1.0 




MHz 


Multiplier 


I(SINE) Input Voltage 


l(SINE) = 500M 


.4 


.7 


.9 


V 


Output Current (pin 2) 


l(SINE) = 500//A/ Pin 5 = Vref - 20mV 


480 


495 


505 


M 




l(SINE) = 500M/ Pin 5 = Vref + 20mV 







1 


M 




l(SINE) = 1mA, Pin 5 = Vref " 20mV 


960 


990 


1005 


M 


Bandwidth 






200 




KHz 


PSRR 


12V < Vcc < 25V 




70 




dB 


Slope Compensation Circuit 


RAMP COMP Voltage (pin 12) 






VpiN 20-1 




V 


louT (pin 1 or pin 9) 


IpiN 12 = 100M (note 3) 


45 


48 


51 


M 


OVP Comparator 


Input Offset Voltage 


Output Off 


-15 




15 


mV 


Hysteresis 


Output On 


100 


120 


140 


mV 


Input Bias Current 






-0.3 


-3 


M 


Propagation Delay 






150 




ns 


l(SENSE) Comparator A and B 


Input Common Mode Range 




-0.2 




5.5 


V 


Input Offset Voltage 


l(SENSE) A 


-15 




15 


mV 




l(SENSE) B 


+0.4 


0.7 


+0.9 


V 


Input Bias Current 






-3 


-10 


M 


Input Offset Current 




-1 




1 


M 


Propagation Delay 






150 




ns 


'limit (A) Trip Point 


Vp,N 3 = 5.5V 


4.8 


5 


5.2 


V 


l(LIM) Comparator 


Ilimit Trip Point 




.95 


1.0 


1.05 


V 


Input Bias Current 






-2 


-10 


M 


Propagation Delay 






150 




ns 


Output Section (A and B) 


Output Voltage Low 


Iqut - -20mA 




0.1 


0.4 


V 




louT = -200mA 




1.6 


2.2 


V 


Output Voltage High 


louT = 20mA 


13 


13.5 




v 




Iqut = 200mA 


12 


13.4 




V 


Output Voltage Low in UVLO 


louT = -1mA, Vcc = 8V 




0.1 


0.8 


V 


Output Rise/Fall Time 


Cl = lOOOpF 




50 




ns 
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ELECTRICAL CHARACTERISTICS (Continued) 

Unless otherwise specified, Rj = 14KQ, Cj = lOOOpF, T^ = Operating Temperature Range, Vcc = 



15V (note 2) 



PARAMETER 



CONDITIONS 



MIN 



TYP 



MAX 



UNITS 



Under Voltage Lockout 












Start-Up Threshold 




15 


16 


17 


V 


Shut-Down Threshold 




9 


10 


11 


V 


Vref Good Threshold 






4.4 




V 



Total Device 












Supply Current 


Start-Up, Vcc = 14V 




.6 


1.2 


mA 




Operating, Tj = 25*'C 




25 


35 


mA 



Note 1: This parameter not 100% tested in production but guaranteed by design. 

Note 2: V^^ is raised above the Start-up Threshold first to activate the IC, then returned to 15V. 

Note 3: PWM comparator bias currents are subtracted from this reading. 



FUNCTIONAL DESCRIPTION 

OSCILLATOR 

The ML4819 oscillator charges the external capacitor 
(Cj) with a current (Iset) equal to 5/Rset- When the 
capacitor voltage reaches the upper threshold, the 
comparator changes state and the capacitor discharges 
to the lower threshold through Q1. While the capacitor 
is discharging, Q2 provides a high pulse. 

The Oscillator period can be described by the 
following relationship: 



+5V|-^^A- 



where: 



Tqsc - Tramp + Tdeadtime 



Tramp 



C (Ramp Valley to Peak) 



and: 



Tdeadtime 



•set 

C (Ramp Valley to Peak) 
(8.4mA - Iset) 



'SET 

I— a r-^ 



The maximum duty cycle of the PWM section can be 
limited by setting a threshold on pin 7. When the C(T) 
ramp is above the threshold at pin 7, the PWM output 
is held off and the PWM flip-flop is set: 

_ Dose ^ (VpiN 7 - 0.9) 
Dlimit = — 




3.4 



Where: 



Figure 1. Oscillator Block Diagram 



Dlimit = Desired duty cycle limit 
Dose = Oscillator duty cycle 
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Figure 2. Oscillator Timing Resistance vs. Frequency 
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Figure 3. Output Saturation Voltage vs. Output Current 

ERROR AMPLIFIER 

The ML4819 error amplifier is a high open loop gain, 
wide bandwidth, amplifier. 





1.0K 10K 100K 

f, FREQUENCY (Hz) 



Figure 5. Error Amplifier Open-Loop Gain and Phase 
vs. Frequency 

MULTIPLIER 

The ML4819 multiplier is a linear current input 
multiplier to provide high immunity to the disturbances 
caused by high power switching. The rectified line 
input sine wave is converted to a current via a 
dropping resistor. In this way, small amounts of ground 
noise produce an insignificant effect on the reference 
to the PWM comparator. 

The output of the multiplier is a current proportional 
to: 

louT °^ KSINE) X l(EA) 

where l(SINE) is the current in the dropping resistor, 
and l(EA) is a factor which varies from to 1 
proportional to the output of the error amplifier. When 
the error amplifier is saturated high, the output of the 
multiplier is approximately equal to the l(SINE) input 
current. 

The multiplier output current is converted into the 
reference voltage for the PWM comparator through a 
resistor to ground on the multiplier output (pin 3). 



Figure 4. Error Amplifier Configuration 




Figure 6. Multiplier Block Diagram 
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SLOPE COMPENSATION 

Slope compensation is accomplished by adding 1/2 of 
the current flowing out of pin 12 to pin 1 (for the PFC 
section) and pin 9 (for the PWM section). The amount 
of slope compensation is equal to (IpiN ^2/2) x Rl where 
Rl is the impedance to GND on pin 1 or pin 9. Since 
most of the PWM applicatiohs will be limited to 50% 
duty cycle, slope compensation should not be needed 
for the PWM section. This can be defeated by using a 
low impedance load to the current sense on pin 9. 






RAMP COMPl 



KRsc) 



KRsc) -r 2 

— e- 

l(Rsc) ^ 2 



COMPENSATION 



Figure 7. Slope Compensation Circuit 
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Figure 8. Multiplier Linearity 

UNDER VOLTAGE LOCKOUT 

On power-up the ML4819 remains in the UVLO 
condition; output low and quiescent current low. The 
IC becomes operational when Vcc reaches 16V. When 
Vcc drops below 10V, the UVLO condition is imposed. 
During the UVLO condition, the 5V Vref P'>^ 's "off", 
making it usable as a "flag". 




^5V Vref 



Figure 9. Under-Voltage Lockout Block Diagram 
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-- 


.^^ 


























^ 


-^ 




















OPERy 

CUR 


\TING 
lENT 




■^ 


--- 
































































s 


TARF-U 


J 
















1 1 











-60 -40 -20 20 40 60 80 100 120 140 
TEMPERATURE fC) 

Figure 10b. Total Supply Current dec) vs. Temperature 



J3^ Micro Linear 



6-77 



ML4819 



VoUT - 



V|N 

1 -Don 



(1) 



5-8.0 



X 


















1 




., 1 




X 


^ 














jj^"Tn 








^ 


























'^ 


























'\ 


X^ 


























X 


























\ 


Ta 


= -55°C — 












Ta = 


125°C 






^ 






































Ta - 


ocor- 



















































20 40 60 80 100 

Iref, reference source current (mA) 

Figure 11. Reference Load Regulation 



APPLICATIONS 

POWER FACTOR SECTION 

The power factor section in the ML4819 is similar to the 
power factor section in the ML4812 with the exception 
of the operation of the slope compensation circuit. 
Please refer to the ML4812 data sheet for more 
information. 

The following calculations refer to figure 12. The 
component designators in the equations below refer to 
the following components in figure 12: 

Rj = R16, Cj = C6. 

INPUT INDUCTOR (LI) SELECTION 

The central component in the regulator is the input 
boost inductor. The value of this inductor controls 
various critical operational aspects of the regulator. If 
the value is too low, the input current distortion will be 
high and will result in low power factor and increased 
noise at the input. This will require more input filtering. 
In addition, when the value of the inductor is low the 
inductor dries out (runs out of current) at low currents. 
Thus the power factor will decrease at lower power 
levels and/or higher line voltages. If the inductor value 
is too high, then for a given operating current the 
required size of the inductor core will be large and/or 
the required number of turns will be high. So a 
balance must be reached between distortion and core 



One more condition where the inductor can dry out is 
analyzed below where it is shown to be maximum duty 
cycle dependent. 

For the boost converter at steady state: 



Where Dqn 's the duty cycle [TqnATon "•" Tqff)]- The 
input boost inductor will dry out when the following 
condition is satisfied: 

ViN(t) < VouT X (1 - Don) 



(2) 



ViNDRY = [1 - Don (max)] x Vqut (3) 

ViNDRY- Voltage where the inductor dries out. 
Vqut: Output dc voltage. 

Effectively, the above relationship shows that the 
resetting volt-seconds are more than setting volt- 
seconds. In energy transfer terms this means that less 
energy is stored in the inductor during the ON time 
than it is asked to deliver during the OFF time. The net 
result is that the inductor dries out. 

The recommended maximum duty cycle is 95% at 
lOOKHz to allow time for the input inductor to dump 
its energy to the output capacitors. 

For example: 

if: VouT = 380V and 

Don (max) = 0.95 

then substituting in (3) yields Vindry = 20V. The effect 
of drying out is an increase in distortion at low 
voltages. 

For a given output power, the instantaneous value of 
the input current is a function of the input sinusoidal 
voltage waveform, i.e. as the input voltage sweeps from 
zero volts to a maximum value equal to its peak so 
does the current. 

The load of the power factor regulator is usually a 
switching power supply which is essentially a constant 
power load. As a result, an increase in the input voltage 
will be offset by a decrease in the input current. 

By combining the ideas set forth above, some ground 
rules can be obtained for the selection and design of 
the input inductor: 

Step 1: Find minimum operating current. 
1.414 X P|N(min) 



liN(min)pEAK = 



V|N(max) 



(4) 



V|N(max) = 260V 
P,N(min) = SOW 
then: l|N(min)pEAK = 0.272A 

Step 2: Choose a minimum current at which point the 
inductor current will be on the verge of drying 
out. For this example 40% of the peak current 
found in step 1 was chosen. 

then: Ildry = 100mA 
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Step 3: The value of the inductance can now be found 
using previously calculated data. 

, ^ ViNDRY X DoN(max) 

L1 : : (5) 



'ldry ^ ^osc 
20V X 0.95 

100mA X 100KHZ 



= 2mH 



The inductor can be allowed to decrease in value 
when the current sweeps from minimum to maximum 
value. This allows the use of smaller core sizes. The 
only requirement is that the ramp compensation must 
be adequate for the lower inductance value of the core 
so that there is adequate compensation at high current. 

Step 4: The presence of the ramp compensation will 
change the dry out point, but the value found 
above can be considered a good starting point. 
Based on the amount of power factor 
correction the above value of L1 can be 
optimized after a few iterations. 

Gapped Ferrites, Molypermalloy, and Powdered Iron 
cores are typical choices for core material. The core 
material selected should have a high saturation point 
and acceptable losses at the operating frequency. 

One ferrite core that is suitable at around 200W is the 
#4229PL00-3C8 made by Ferroxcube. This ungapped 
core will require a total gap of 0.180" for this 
application. 

OSCILIATOR COMPONENT SELECTION 

The oscillator timing components can be calculated by 
using the following expression: 

1.36 

fosc ~ (6) 

Rt X Ct 

For example: 

Step 1: At lOOKHz with 95% duty cycle Tqff = 500ns 
calculate Cj using the following formula: 

Tqff ^ Inis 

CT=-^r ^=1000pF (7) 

vosc 

Step 2: Calculate the required value of the timing 
resistor. 

1.36 1.36 

Rt (8) 

fosc ^ Ct IOOKHz X lOOOpF 

= 13.6Kn choose Rt = 14KQ. 

CURRENT SENSE AND SLOPE (RAMP) COMPENSATION 
COMPONENT SELECTION 

Slope compensation in the ML4819 is provided 
internally. A current equal to Vqt)/2(K18) is added to 
l(SENSE) A (pin 1). This is converted to a voltage by RIO, 
adding slope to the sensed current through T1. The 
amount of slope compensation should be at least 50% 
of the downslope of the inductor current during the off 



time as reflected on pin 1. Note that slope 
compensation is a requirement only if the inductor 
current is continuous and the duty cycle is more than 
50%. The highest inductor downslope is found at the 
point of inductor discontinuity: 



dii ^ Vb - VjN DRY 
dt L 

= 0.18 A/fJS 



380V - 20V 



2mH 



(9) 



The downslope as reflected to the input of the PWM 
comparator is given by: 

SPWM = ^^^^^X^ (10) 

LI Nc 

Where Nc is the turns ratio of the current transformer 
(T1) used. In general, current transformers simplify the 
sensing of switch currents especially at high power 
levels where the use of sense resistors is complicated 
by the amount of power they have to dissipate. 
Normally the primary side of the transformer consists of 
a single turn and the secondary consists of several turns 
of either enameled magnet wire or insulated wire. The 
diameter of the ferrite core used in this example is 0.5" 
(SPANG/Magnetics F41206-TC). The rectifying diode at 
the output of the current transformer can be a 1N4148 
for secondary currents up to 75mA average. 

Sense FETs or resistive sensing can also be used to 
sense the switch current, the sensed signal has to be 
amplified to the proper level before it is applied to the 
ML4819. 

The value of the ramp compensation (SCpw/vt) as seen 
at pin 1 is: 

2.5 X Rg 

SCpwM ^ ' (11) 

The required value for R-is can therefore be found by 
equating: 

SCpwM = Asc X SpwM 

where Asc is the amount of slope compensation and 
solving for R^q. 

The value of Rg (pin 2) depends on the selection of R2 
(pin 6) 

V|N(max)pEAK 260 x 1.414 

R2 = -^ ^-^^ = 510K (12) 

IsiisiE(peak) 0.72mA 

VcLAMP ^ R2 4.8 X 510K 

CLAMK z ^ 22K (13) 

V|N(mln)pEAK 80 x 1.414 
Choose R9 = 27K 

The peak of the inductor current can be found 
approximately by: 

1.414 X Pout 1.414 x 200 



II 



V|N(min)RMs 



90 



= 3.14A (14) 
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Selection of Nq which depends on the maximum 
switch current, assume 4A for this example is 80 turns. 

„ _ VcLAMP X Nc 4.8 X 80 
Kl1 



1 



h 



100O 



(15) 



Where R-11 is the sense resistor, and Vclamp 's the 
current clamp at the inverting input of the PWM 
comparator. This clamp is internally set to 5V. In actual 
application it is a good Idea to assume a value less than 
5V to avoid unwanted current limiting action due to 
component tolerances. In this application Vclamp was 
chosen as 4.8V. 

Having calculated R^i the value Srwm and of R18 can 
now be calculated: 



SpwM '■ 



380V - 20 



2mH 

2.5 X Rg 



100 
80 



0.225V//iS 



Rl8 = - 



Asc X SpwM X Rt X Cj 
2.5 X 27K 



(16) 



30K 



0.7 X (.225 X 106) X 14K x 1nF 
Choose R18 = 33K 
The following values were used in the calculation: 



Rg = 27K 
Rt = 14K 



Asc 
Ct = 



= 0.7 
1nF 



VOLTAGE REGULATION COMPONENTS 

The values of the voltage regulation loop components 
are calculated based on the operating output voltage. 
Note that voltage safety regulations require the use of 
sense resistors that have adequate voltage rating. As a 
rule of thumb if 1/4W resistors are available, two of 
them should be used in series. The input bias current 
of the error amplifier is approximately 0.5//A, therefore 
the current available from the voltage sense resistors 
should be significantly higher than this value. Since two 
1/4W resistors have to be used the total power rating is 
1/2W. The operating power is set to be 0.4W then with 
380V output voltage the value can be calculated as 
follows: 

R5 = (380V)2/0.4W = 360K (17) 

Choose two 178K, 1% connected in series. 

Then R^ can be calculated using the formula below: 



R6 = 



Vref X R5 5V X 356K 
Vb - Vref ~ 380V - 5V 



= 4.747K 



(18) 



Choose 4.75K, 1%. One more critical component in the 
voltage regulation loop is the feedback capacitor for 
the error amplifier. The voltage loop bandwidth should 
be set such that it rejects the 120Hz ripple which is 
present at the output. If this ripple is not adequately 
attenuated it will cause distortion on the input current 
waveform. Typical bandwidths range anywhere from a 
few Hertz to 15Hz. The main compromise is between 
transient response and distortion. The feedback 
capacitor can be calculated using the following formula: 



Cs = (19) 

3.142 X R5 X BW 

1 

Q = OM/J? 

3.142 X 356K x 2Hz 

OVERVOLTAGE PROTECTION (OVP) COMPONENTS 

The OVP loop should be set so that there is no 
interaction with the voltage control loop. Typically it 
should be set to a level where the power components 
are safe to operate. Ten to fifteen volts above Vqut 
seems to be adequate. This sets the maximum transient 
output voltage to about 395V. 

By choosing the high voltage side resistor of the OVP 
circuit the same way as above i.e. R7 = 356K then Rq 
can be calculated as: 

Vref X R7 5V X 356K 

Rfl = — ■■ = 4.564K (20) 

Vovp-Vref 395V -5V 

Choose 4.53K, 1%. 

Note that R5, Re, R7 and Rg should be tight tolerance 
resistors such as 1% or better. 

OFF-LINE START-UP AND BIAS SUPPLY GENERATION 

The Start-Up Circuit in figure 12 can be either a "bleed 
resistor" (39KO, 2W) or the circuit shown in figure 13. 
The bleed resistor method offers the advantage of 
simplicity and lowest cost, but may yield excessive turn- 
on delay at low line. 

When the voltage on pin 15 (Vcd exceeds 16V, the IC 
starts up. The energy stored on the CIO supplies the IC 
with running power until the supplemental winding on 
T3 can provide the power to sustain operation. 



START-UP 
CIRCUIT 



R30 
R31 4.3K 
51 OK 



R33 
2K 




Q5 

2N2222 



R32< 
2K< 



D16^ 
22Vi^ 






Q6 
IRF821 



D15 
1N4001 



-► TO Vcc 



Figure 13. Start-Up Circuit 

ENHANCEMENT CIRCUIT 

The theory of operation of the power factor 
enhancement circuit (inside the dotted lines) in Figure 
11 is described in APPLICATION NOTE 11 in detail. It 
improves the power factor and lowers the input current 
harmonics. Note that the circuit meets the proposed 
lEC 555 specifications (with the enhancement) on the 
harmonics with a large margin while correcting the 
input power factor to better than 0.99 under most 
steady state operating conditions. 
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PWM SECTION 

The PWM section in figure 12 is a two switch forward 
converter, shown in figure 14 below for clarity. This fully 
clamped circuit eliminates the need for very high 
voltage MOSFETs. Flyback topology is also possible with 
the ML4819. 



385VDC h 




Figure 14. Two-Switch Forward Converter 

This regulator (figure 12) uses current mode control. 
Current is sensed through R24 and filtered for high 
frequency noise and leading edge transient through 
R23 and C14. The main regulation loop is through 
PWM B. The TL431 (U3) in the secondary serves as both 
the voltage reference and error amplifier, with isolation 
provided by an opto coupler (U2) providing a current 
command signal on pin 8. Loop compensation is 
provided by R29 and C20. The output voltage is set by: 

VoUT = -^ ^ / '' - — ^ 



■ 2.5 1 + - 



R28 ' 



(21) 



The control loop is compensated using standard 
compensation techniques. 

Current is limited to a threshold of 2A (IV on R24). The 
duty cycle is limited in this circuit to below 50% to 
prevent transformer (T3) core saturation. The maximum 
duty cycle limit of 45% is set using a threshold of 
Vref/2 on pin 7. 

The circuit in figure 12 can be modified for voltage 
mode operation by utilizing the slope current which 
appears on pin 9 as shown in figure 15 below. 

The ramp amplitude appearing on pin 9 will be 

'ri8 
2 



Vr = 



X R(V) 



(22) 



where R^g is the slope compensation resistor. Since this 
circuit operates with a constant input voltage (as 
supplied by the PFC section) voltage feed-forward is 
unnecessary. 




fs] < FROM U2, R15 



Figure 15. Voltage Mode Configuration 

CONSTRUCTION AND LAYOUT TIPS 

High frequency power circuits require special care 
during breadboard construction and layout. Double 
sided printed circuit boards with ground plane on one 
side are highly recommended. All critical switching 
leads (power FEX output diode, IC output and ground 
leads, bypass capacitors) should be kept as small as 
possible. This is to minimize both the transmission and 
pick-up of switching noise. 

There are two kinds of noise coupling; inductive and 
capacitive. As the name implies inductive coupling is 
due to fast changing (high di/dt) circulating switching 
currents. The main source is the loop formed by Q1, 
D6, and C3-C4. Therefore this loop should be as small 
as possible, and the above capacitors should be good 
high frequency types. 

The second form of noise coupling is due to fast 
changing voltages (high dv/dt). The main source in this 
case is the drain of the power FET. The radiated noise 
in this case can be minimized by insulating the drain of 
the FET from the heatsink and then tying the heatsink 
to the source of the FET with a high frequency 
capacitor. 

The IC has two ground pins named PWR GND and 
Signal GND. These two pins should be connected 
together with a very short lead at the printed circuit 
board exit point. In general grounding is very important 
and ground loops should be avoided. Star grounding 
schemes are preferred. 
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Component Values/ Bill of Materials for Figure 12 



Component 


Description 


CX C3 


0.6//F, 630V Film (250 VAC) 


C2 


330//F, 400V Electrolytic 


C4 


6800pF, 1KV Ceramic 


C5, C6 


lOOOpF 


C7 


10//F, 35V 


C8, C11, C13, C15, C16 


1//F, Ceramic 


C9, C20, C21 


0.1//F, Ceramic 


CIO 


1500//F, 25V Electrolytic 


C12, C17 


1/yF, Ceramic 


C14 


2200pF 


C18 


1500/yF, 16V Electrolytic 


C19 


4.7/yF 


D1-D5 


1N5406 


D6 


MUR850 


D7, D10 


1N4148 


D8 


3V Zener diode or 4 x 1N4148 
in series 


D9 


MUR110 


D11, D12 


MUR150 


D13 


D83-004K 


D15 


1N4001 


D16, D14 


1N5818 or 1N5819 


F1 


5A, 250y 3AG 


L1 


2mH, 4A IpEAK 
Core: Ferroxcube 4229-3C8 
150 Turns #24 AWG 
0.150" gap 


L2 


10/iH 

Core: Spang OF 43019 UGOO 

8 Turns #15AWG gap 0.05" 


Q1-Q3 


IRF840 


Q4,Q5 


2N2222 


Q6 


IRF821 


R1 


330K 


R2, R31 


510K 


R3 


5.6K 



Component 


Description 


R4 


12K 


R5, R7 


357K, 1% 


R6 


4.75K, 1% 


R8 


4.53K, 1% 


R9 


27K 


RIO, R18 


33K 


R11 


910 


R12, R22 


ion 


R13, R14 


4.7K 


R15 


4.3K 


R16 


15K 


R17 


30 


R20 


Z50 


R21, R19 


3K 


R23 


100O 


R24, R25 


10 


R26 


1.5K 


R27 


1.2K 


R28 


8.66K, 1% 


R29 


2.26K, 1% 


R30 


2K, 1W 


R32, R33 


2K 


T1 


Spang F41206-TC or 

Siemens B64290-K45-X27 or X830 or 

Ferroxcube 768T188-3C8 

Ns = 80, Np = 1 


T2 


Same core as T1 
Ns = Np = 15 bifilar 


T3 


Core: Ferroxcube 4229-3C8 
Pri. 44 Turns #18 Litz wire 
Sec. 4 Turns of copper strip 
Aux. 2 Turns #24 AWG 


U2 


MOC8102 


U3 


TL431 
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ORDERING INFORMATION 



PART NUMBER 


TEMPERATURE 
RANGE 


PACKAGE 


ML4819CP 
ML4819CQ 


0°C to +70°C 
0°C to +70°C 


Molded DIP 
Molded PCC 



6-84 



MgL Micro Linear 



j^ Micro Linear 



May 1990 
PRELIMINARY 

ML4823 



High Frequenq^ Power Supply Controller 



GENERAL DESCRIPTION 

The ML4823 High Frequency PWM Controller is an IC 
controller optimized for use in Switch Mode Power 
Supply designs running at frequencies to 1MHz. 
Propagation delays are minimal through the 
comparators and logic for reliable high frequency 
operation while slew rate and bandwidth are 
maximized on the error amplifier. This controller is 
designed for single-ended applications using voltage or 
current mode and provides for input voltage feed 
forward. 

A 1V threshold current limit comparator provides 
cycle-by-cycle current limit and exceeding a 1.4V 
threshold initiates a soft-start cycle. The soft start pin 
doubles as a maximum duty cycle clamp. All logic is 
fully latched to provide jitter-free operation and prevent 
multiple pulsing. An under-voltage lockout circuit with 
800mV of hysteresis assures low startup current and 
drives the outputs low during fault conditions. 

The ML4823 is fabricated on a 40V bipolar process 
FB3480 Power Supply Controller Array. Customized 
versions of this controller are therefore easily 



implemented. Please refer to the FB3480 datasheet for 
more information. 

This controller is similar in architecture and 
performance to the UC1823 controller, however the 
ML4823 includes features not found on the 1823. 
These features are set in Italics. 

FEATURES 

■ Practical Operation at Switching Frequencies to 1.0MHz 

■ High Current (2A peak) Totem Pole Output 

■ Wide Bandwidth Error Amplifier 

■ Fully Latched Logic 

■ Pulse-by-Pulse Current Limiting 

■ Soft Start and Max. Duty Cycle Control 

■ Under Voltage Lockout with Hysteresis 

■ 5.1V, +1% Trimmed Bandgap Reference 

■ Pin Compatible Improved Replacement for UC1823 

■ Fast Shut Down Path from Current Limit to Outputs 
m Soft Start Latch Ensures Full Soft Start Cycle 

u Outputs Pull Low for Undervoltage Lockout 



BLOCK DIAGRAM 
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PIN CONNECTIONS 



ML4823 
16-Pin DIP 



ML4823 
20-Pm PCC 



INV[ 


1 


16 


] 5.1V REF 


Nl[ 


2 


15 


]Vcc 


E/A OUT [ 


3 


14 


] OUTPUT 


CLOCK [ 


4 


13 


]vc 


R(D[ 


5 


12 


] PWR GND 


C(D [ 


6 


11 


] KLIM) REF 


RAMP [ 


7 


10 


]gnd 


SOFT START [ 


8 


9 


] l(LIM)/S.D. 




TOP VIEW 





5.1V REF 

Nl INV NC 1 Vcc 

irnnrnrn 

1 20 19 




SOFT l(LIM)/S.D. 
START 



PIN DESCRIPTION 

PIN # NAME 



FUNCTION 



1 INV Inverting input to error amp. 

2 Nl Non-inverting input to error amp. 

3 E/A OUT Output of error amplifier and 

input to main comparator. 

4 CLOCK Oscillator output. 

5 R(T) Timing Resistor for Oscillator — 

sets charging current for oscillator 
timing capacitor (pin 6). 

6 C(T) Timing Capacitor for Oscillator. 

7 RAMP Non-Inverting input to main 

comparator. Connected to C(T) for 
Voltage Mode operation or to 
current sense resistor for current 
mode. 

8 SOFT START Normally connected to Soft Start 

Capacitor. 



PIN # 



NAME 



FUNCTION 



l(LIM)/S.D. Current limit sense pin. Normally 
connected to current sense 
resistor. 



10 


GND 


Analog Signal Ground. 


11 


KLIM) REF 


Reference input for cycle-by-cycle 
current limit comparator. 


12 


PWR GND 


Return for the High Current 
Totem pole outputs. 


13 


Vc 


Positive Supply for the High 
Current Totem pole outputs. 


14 


OUTB 


High Current Totem pole output. 


15 


Vcc 


Positive Supply for the IC. 


16 


5.1V REF 


Buffered output for the 5.1V 
voltage reference. 
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ABSOLUTE MAXIMUM RATINGS 

Supply Voltage (Pins 15, 13) 30V 

Output Current, Source or Sink (Pins 11, 14) 

DC 0.5A 

Pulse iOSfJs) 2.0A 

Analog Inputs 

(Pins 1, 2, 7, 8, 9) -0.3V to 6V 

Clock Output Current (Pin 4) -5mA 

Error Amplifier Output Current (Pin 3) 5mA 

Soft Start Sink Current (Pin 8) 20mA 

Oscillator Charging Current (Pin 5) -5mA 

Junction Temperature 

ML4823M 150°C 

ML4823I, ML4823C 125°C 

Storage Temperature Range -65°C to +150*'C 

Lead Temperature (Soldering 10 sec.) +260°C 



Thermal Resistance (^ja) 

Plastic DIP eS^'C/W 

Ceramic DIP 65°C/W 

Plastic Chip Carrier (PCC) 60°C/W 

OPERATING CONDITIONS 

Temperature Range 

ML4823M -SS^'C to +125°C 

ML4823I -40*'C to +85°C 

ML4823C 0°C to +70°C 

Absolute maximum ratings are those values beyond which the 
device could be permanently damaged. Absolute maximum ratings 
are stress ratings only and functional device operation is not 
implied. 



ELECTRICAL CHARACTERISTICS 

Unless otherwise specified, Rj = 3.65KQ, Cj = lOOOpF, Ta = Operating Temperature Range, Vcc = 15V. 


PARAMETER 


CONDITIONS 


MIN 


TVP 


MAX 


UNITS 


Oscillator 


Initial Accuracy 


Tj = 25°Q (note 1) 


360 


400 


440 


KHz 


Voltage Stability 


10V < Vcc < 30V, (note 1) 




0.2 


2 


% 


Temperature Stability 


(note 1) 






5 


% 


Total Variation 


line, temp, (note 1) 


340 




460 


KHz 


Clock Out High 




3.9 


4.5 




V 


Clock Out Low 






2.3 


2.9 


V 


Ramp Peak 


(note 1) 


2.6 


2.8 


3.0 


V 


Ramp Valley 


(note 1) 


0.7 


1.0 


1.25 


V 


Ramp Valley to Peak 


(note 1) 


1.6 


1.8 


2.0 


V 


Reference Section 


Output Voltage 


ML4823C 


Tj = 25°C, lo = 1mA 


5.00 


5.10 


5.20 


V 


ML4823M, ML4823I 




5.05 


5.10 


5.15 


V 


Line Regulation 


10V < Vcc < 30V 




2 


20 


mV 


Load Regulation 


1mA < lo<10mA 




5 


20 


mV 


Temperature Stability 


-55°C < Tj < 150°C, (note 1) 




.2 


.4 


% 


Total Variation 


ML4823C 


line, load, temp, (note 1) 


4.95 




5.25 


V 


ML4823M, ML4823I 




5.0 




5.20 


V 


Output Noise Voltage 


10Hz to lOKHz 




50 




//v 


Long Term Stability 


Tj = 125°C, 1000 hrs, (note 1) 




5 


25 


mV 


Short Circuit Current 


Vref = OV 


-15 


-50 


-100 


mA 


Error Amplifier Section 


Input Offset Voltage 


ML4823C 








15 


mV 


ML4823M, ML4823I 








10 


mV 


Input Bias Current 






.6 


3 


M 


Input Offset Current 






.1 


1 


M 


Open Loop Cain 


1 < Vo < 4V 


60 


95 




dB 
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ELECTRICAL CHARACTERISTICS (Continued) 

Unless otherwise specified, Rj = 3.65KO, Cj = lOOOpF, Ta = Operating Temperature Range, Vcc = 15V. 


PARAMETER 


CONDITIONS 


MIN 


TVP 


MAX 


UNITS 


Error Amplifier Section (Continued) 


CMRR 


1.5 < VcM < 5.5V 


75 


95 




dB 


PSRR 


10 < Vcc < 30V 


85 


110 




dB 


Output Sink Current 


Vp,N 3 = 1V 


1 


2.5 




mA 


Output Source Current 


Vp,N 3 = 4V 


-.5 


-1.3 




mA 


Output High Voltage 


'pin 3 = -0.5mA 


4.0 


4.7 


5.0 


V 


Output Low Voltage 


IpIN 3 = 1"^^ 





0.5 


1.0 


V 


Unity Gain Bandwidth 


(note 1) 


3 


5.5 




MHz 


Slew Rate 


(note 1) 


6 


12 




V///S 


PWM Comparator Section 


Pin 7 Bias Current 


Vp,N 7 = OV 




-1 


-5 


M 


Duty Cycle Range 


ML4823C 









85 


% ^ 


ML4823M, ML4823I 









80 


% 


Pin 3 Zero DC Threshold 


Vp,N 7 = OV 


1.1 


1.25 




V 


Delay to Output 


(note 1) 




50 


80 


ns 


Soft-Start Section 


Charge Current 


Vp,N 8 = 0.5V 


3 


9 


20 


M 


Discharge Current 


VpiN 8 = 1V 


1 






mA 


Current Limit/ Shutdown Section 


Pin 9 Bias Current 


OV < VpiN 9 < 4V 






+10 


M 


Current Limit Offset 


VpiN 11 = 1.1V 







30 


mV 


Pin 11 Common Mode Range 




1.0 




1.25 


V 


Shutdown Threshold 




1.25 


1.4 


1.55 


V 


Delay to Output 


(note 1) 




40 


70 


ns 


Output Section 


Output Low Level 


Iqut = 20mA 




.25 


.4 


V 


buT = 200mA 




1.2 


2.2 


V 


Output High Level 


Iqut = -20mA 


13.0 


13.5 




V 


Iqut = -200mA 


12.0 


13.0 




V 


Collector Leakage 


Vc = 30V 




100 


500 


M 


Rise/Fall Time 


Cl = lOOOpF, (note 1) 




30 


60 


ns 


Under-Voltage Lockout Section 


Start Threshold 




8.8 


9.2 


9.6 


V 


UVLO Hysteresis 




.4 


.8 


1.2 


V 


Supply Current 


Start Up Current 


Vcc = 8V 




1.1 


2.5 


mA 


Ice 


Vp,N1,7,9 = 0V,Vp,N2 = 1V 




25 


33 


mA 



Note 1: This parameter not 100% tested in production but guaranteed by design. 
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FUNCTIONAL DESCRIPTION 



OSCILLATOR 

The ML4823 oscillator charges the external capacitor 
(Cj) with a current (Iset) equal to 3/Rset- When the 
capacitor voltage reaches the upper threshold (Ramp 
Peak), the comparator changes state and the capacitor 
discharges to the lower threshold (Ramp Valley) through 
Q1. While the capacitor is discharging, Q2 provides a 
high pulse. 

The Oscillator period can be described by the 
following relationship: 

Tosc = Tramp + Tdeadtime 
where: Tramp = C (Ramp Valley to Peak)/lsET 
and: Tdeadtime = C (Ramp Valley to Peak)/lQi 
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Figure 1. Oscillator Block Diagram 



Figure 2. Oscillator Timing Resistance vs Frequency 
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Figure 3. Oscillator Deadtime vs Frequency 



Figure 4. Oscillator Deadtime vs C(T) (3KO < R(T) < lOOKO) 
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ERROR AMPLIFIER 

The ML4823 error amplifier is a 5.5MHz bandwidth 
MV/jjs slew rate op-amp with provision for limiting the 
positive output voltage swing (Output Inhibit line) for 
ease in implementing the soft start function. 
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Figure 5. Unity Gain Slew Rate 



Figure 6. Open Loop Frequenq^ Response 



OUTPUT DRIVER STAGE 

The ML4823 Output Driver is a 2A peak output high 
speed totem pole circuit designed to quickly switch the 
gates of capacitive loads, such as power MOSFET 
transistors. 
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Figure 7. Simplified Schematic 
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Figure 11. Supply Current vs Temperature 



SOFT START AND CURRENT LIMIT 

The ML4823 employs two current limits. When the 
voltage at pin 9 exceeds the l(LIM) REF threshold on 
pin 11, the outputs are immediately shut off and the 
cycle is terminated for the remainder of the oscillator 
period by resetting the RS flip flop. 

If the output current is rising quickly (usually due to 
transformer saturation) such that the voltage on pin 9 
reaches 1.4V before the outputs have turned off, a soft 
start cycle is initiated. The soft start capacitor (pin 8) is 
discharged and outputs are held "off" until the voltage 
at pin 8 reaches IV, ensuring a complete soft start 
cycle. The duty cycle on start up is limited by limiting 
the output voltage of the error amplifier voltage to the 
voltage at pin 8. 



ORDERING INFORMATION 





TEMPERATURE 




PART NUMBER 


RANGE 


PACKAGE 


ML4823CP 


0°C to +70°C 


Molded DIP 


ML4823CQ 


OX to +70°C 


Molded PCC 


ML4823IP 


-40°C to +85X 


Molded DIP 


ML4823IQ 


-40°C to +85*»C 


Molded PCC 


ML4823MJ 


-55°C to +125°C 


Hermetic DIP 


ML4823CS 


0°C to +70°C 


Molded SOIC 



j^ Micro Linear 



6-91 



May 1990 



jj^ Micro Linear 



ML4825 



High Frequenq^ Power Supply Controller 



GENERAL DESCRIPTION 

The ML4825 High Frequency PWM Controller is an IC 
controller optimized for use in Switch Mode Power 
Supply designs running at frequencies to 1MHz. 
Propagation delays are minimal through the 
comparators and logic for reliable high frequency 
operation while slew rate and bandwidth are 
maximized on the error amplifier. This controller is 
designed to work in either voltage or current mode 
and provides for input voltage feed forward. 

A 1V threshold current limit comparator provides 
cycle-by-cycle current limit while exceeding a 1.4V 
threshold initiates a soft-start cycle. The soft start pin 
doubles as a maximum duty cycle clamp. All logic is 
fully latched to provide jitter-free operation and 
prohibit multiple pulsing. An under-voltage lockout 
circuit with 800m V of hysteresis assures low startup 
current and drives the outputs low. 

The ML4825 is fabricated on a 40V bipolar process 
from the FB3480 Power Supply Controller Array. 
Customized versions of this controller are therefore 



easily implemented. Please refer to the FB3480 
datasheet for more information. 

This controller is similar in architecture and 
performance to the UC1825 controller, however the 
ML4825 includes many features not found on the 1825. 
These features are set in Italics. 

FEATURES 

■ Practical Operation at Switching Frequencies to 1.0MHz 

■ High Current (2A peak) Dual Totem Pole Outputs 

■ Wide Bandwidth Error Amplifier 

■ Fully Latched Logic with Double Pulse Suppression 

■ Pulse-by-Pulse Current Limiting 

■ Soft Start and Max. Duty Cycle Control 

■ Under Voltage Lockout with Hysteresis 

■ 5.1V, +1% Trimmed Bandgap Reference 

■ Pin Compatible Improved Replacement for UC1825 

■ Fast Shut Down Path from Current Limit to Outputs 
m Outputs Preset to Known Condition After Under 

Voltage Lockout 
m Soft Start Latch Ensures Full Soft Start Cycle 
m Outputs Pull Low for Undervoltage Lockout 
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PIN CONNECTIONS 



ML4825 
le-Pin DIP 



ML4825 
20-Pin PCC 




5.1V REF 

Nl INV NC 1 Vcc 



irnr 



e/aout[ 4 

CLOCK [ 5 

NC[ 6 

R{T)[ 7 

C(d[ 8 



9 10 11 12 13 



18 J OUT B 

17 ]Vc 

16 ]nC 

15 ] PWR GND 

14 ] OUT A 



I II II IL_J L. 

RAMP I NC A GND 

SOFT START l(LIM)/S.D. 



PIN DESCRIPTION 

PIN ft NAME 



FUNCTION 



Inverting input to error amp. 

Non-inverting input to error amp. 

Output of error amplifier and 
input to main comparator. 

Oscillator output. 

Timing Resistor for Oscillator — 
sets charging current for oscillator 
timing capacitor (pin 6). 

Timing Capacitor for Oscillator. 

Non-Inverting input to main 
comparator. Connected to C(T) for 
Voltage Mode operation or to 
current sense resistor for current 
mode. 

SOFT START Normally connected to Soft Start 
Capacitor. 



1 


INV 


2 


Nl 


3 


E/A OUT 


4 


CLOCK 


5 


R(T) 


6 


C(T) 


7 


RAMP 



PIN # 



NAME 



FUNCTION 



l(LIM)/S.D. Current limit sense pin. Normally 
connected to current sense 
resistor. 



10 


GND 


Analog Signal Ground. 


11 


OUT A 


High Current Totem pole output. 
This output is the first one 
energized after Power On Reset. 


12 


PWR GND 


Return for the High Current 
Totem pole outputs. 


13 


Vc 


Positive Supply for the High 
Current Totem pole outputs. 


14 


OUT B 


High Current Totem pole output. 


15 


Vcc 


Positive Supply for the IC. 


16 


5.1V REF 


Buffered output for the 5.1V 
voltage reference. 
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ABSOLUTE iWVXIMUM RATINGS 

Supply Voltage (Pins 15, 13) 30V 

Output Current, Source or Sink (Pins 11, 14) 

DC 0.5A 

Pulse (0.5/us) 2.0A 

Analog Inputs 

(Pins 1,2,7) -0.3Vto7V 

(Pins9,8) -0.3Vto6V 

Clock Output Current (Pin 4) -5mA 

Error Amplifier Output Current (Pin 3) 5mA 

Soft Start Sink Current (Pin 8) 20mA 

Oscillator Charging Current (Pin 5) -5mA 

junction Temperature 

ML4825M ISO^'C 

ML4825I, ML4825C 125°C 

Storage Temperature Range -65°C to +150°C 

Lead Temperature (Soldering 10 sec.) +260°C 



Thermal Resistance (^ja) 

Plastic DIP 65°C/W 

Ceramic DIP 65°C/W 

Plastic Chip Carrier (PCC) 60°C/W 

OPERATING CONDITIONS 

Temperature Range 

ML4825M -55°C to +125°C 

ML4825I -40*'C to +85°C 

ML4825C 0°C to +70°C 

Absolute maximum ratings are those values beyond which the 
device could be permanently damaged. Absolute maximum ratings 
are stress ratings only and functional device operation is not 
implied. 



ELECTRICAL CHARACTERISTICS 

Unless otherwise specified, Rj = 3.65KQ, Cj = lOOOpF, Ta = Operating Temperature Range, Vcc = 


15V 




PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Oscillator 


Initial Accuracy 


Tj = 25*'C, (note 1) 


360 


400 


440 


KHz 


Voltage Stability 


10V < Vcc < 30V, (note 1) 




0.2 


2 


% 


Temperature Stability 


(note 1) 






5 


% 


Total Variation 


line, temp, (note 1) 


340 




460 


KHz 


Clock Out High 




3.9 


4.5 




V 


Clock Out Low 






2.3 


2.9 


V 


Ramp Peak 


(note 1) 


2.6 


2.8 


3.0 


V 


Ramp Valley 


(note 1) 


0.7 


1.0 


1.25 


V 


Ramp Valley to Peak 


(note 1) 


1.6 


1.8 


2.0 


V 


Reference Section 


Output Voltage 


ML4825C 


Tj = 25*'C, lo = 1mA 


5.00 


5.10 


5.20 


V 


ML4825M, ML4825I 




5.05 


5.10 


5.15 


V 


Line Regulation 


10V < Vcc < 30V 




2 


20 


mV 


Load Regulation 


1mA < lo < 10mA 




5 


20 


mV 


Temperature Stability 


-SS^'C < Tj < ISO^'C, (note 1) 




.2 


.4 


% 


Total Variation 


ML4825C 


line, load, temp (note 1) 


4.95 




5.25 


V 


ML4825M, ML4825I 


line, load, temp (note 1) 


5.0 




5.20 


V 


Output Noise Voltage 


10Hz to lOKHz 




50 




//V 


Long Term Stability 


Tj = 125*»C, 1000 hrs, (note 1) 




5 


25 


mV 


Short Circuit Current 


Vref = OV 


-15 


-50 


-100 


mA 


Error Amplifier Section 


Input Offset Voltage 


IVIL.-TOZ.^V^ 








15 


mV 


ML4825M, ML4825I 








10 


mV 


Input Bias Current 






.6 


3 


M 


Input Offset Current 






.1 


1 


M 


Open Loop Gain 


1 < Vo < 4V 


60 


96 




dB 
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ELECTRICAL CHARACI ERISTICS (Continued) 

Unless otherwise specified, Rj = 3.65KO, Cj = lOOOpF, T^ = Operating Temperature Range, Vcc = 


15V 




PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Error Amplifier Section (Continued) 


CMRR 


1.5 < VcM < 5.5V 


75 


95 




dB 


PSRR 


10 < Vcc < 30V 


85 


110 




dB 


Output Sink Current 


Vp,N 3 = 1V 


1 


2.5 




mA 


Output Source Current 


VpiN 3 = 4V 


-.5 


-1.3 




mA 


Output High Voltage 


IpiN 3 = -0.5mA 


4.0 


4.7 


5.0 


V 


Output Low Voltage 


lpiN3 = 1mA 





0.5 


1.0 


V 


Unity Gain Bandwidth 


(note 1) 


3 


5.5 




MHz 


Slew Rate 


(note 1) 


6 


12 




V///S 


PWM Comparator Section 


Pin 7 Bias Current 


VpiN 7 = OV 




-1 


-5 


M 


Duty Cycle Range 


ML4825C 









85 


% 


ML4825M, ML4825I 









80 


% 


Pin 3 Zero DC Threshold 


Vp,N 7 = OV 


1.1 


1.25 




V 


Delay to Output 


(note 1) 




50 


80 


ns 


Soft-Start Section 


Charge Current 


Vp,N 8 = 0.5V 


3 


9 


20 


M 


Discharge Current 


Vp,N 8 = 1V 


1 






mA 


Current Limit/Shutdown Section 


Pin 9 Bias Current 


ML4825C 


OV < VpiN 9 < 4V 






+15 


M 


ML4825M, ML4825I 


OV < VpiN 9 < 4V 






+10 


M 


Current Limit Threshold 




.9 


1 


1.1 


V 


Shutdown Threshold 




1.25 


1.4 


1.55 


V 


Delay to Output 


(note 1) 




40 


70 


ns 


Output Section 


Output Low Level 


louT = 20mA 




.25 


.4 


V 


louT = 200mA 




1.2 


2.2 


V 


Output High Level 


Iqut = -20mA 


13.0 


13.5 




V 


louT = -200mA 


12.0 


13.0 




V 


Collector Leakage 


Vc = 30V 




100 


500 


M 


Rise/Fall Time 


Cl = lOOOpF, (note 1) 




30 


60 


ns 


Under-Voltage Lockout Section 


Start Threshold 




8.8 


9.2 


9.6 


V 


UVLO Hysteresis 




.4 


.8 


1.2 


V 


Supply Current 


Start Up Current 


Vcc = 8V 




1.1 


2.5 


mA 


Ice 


VpiN 1, ;; 9 = oy Vp,N 2 = 1V, 
Ta = 25-0 




26 


33 


mA 



Note 1: This parameter not 100% tested in production but guaranteed by design. 
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FUNCrrONAL DESCRIPTION 

OSCILIATOR 

The ML4825 oscillator charges the external capacitor 
(Cj) with a current (Iset) equal to 3/RsEr- When the 
capacitor voltage reaches the upper threshold (Ramp 
Peak), the comparator changes state and the capacitor 
discharges to the lower threshold (Ramp Valley) through 
Q1. While the capacitor is discharging, Q2 provides a 
high pulse. 

The Oscillator period can be described by the 
following relationship: 

Tosc = Tramp + Tdeadtime 
where: Tramp = C (Ramp Valley to Peak)/lsET 
and: Tqeadtime = C (Ramp Valley to Peak)/lQi 
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Figure 3. Oscillator Deadtime vs Frequency 
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Figure 1. Oscillator Block Diagram 
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Figure 4. Oscillator Deadtime vs CCD (3KO < R(D < lOOKQ) 

ERROR AMPLIFIER 

The ML4825 error amplifier is a 5.5MHz bandwidth 
12V/)US slew rate op-amp with provision for limiting the 
positive output voltage swing (Output Inhibit line) for 
ease In implementing the soft start function. 
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Figure 2. Oscillator Timing Resistance vs Frequency 



Figure 5. Unity Gain Slew Rate 
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Figure 6. Open Loop Frequency Response 

OUTPUT DRrVER STAGE 

The ML4825 Output Driver is a 2A peai< output high 
speed totem pole circuit designed to quickly switch the 
gates of capacitive loads, such as power MOSFET 
transistors. 
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Figure 7. Simplified Schematic 
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Figure 8. Saturation Curves 
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Figure 11. Supply Current vs Temperature 

SOFT START AND CURRENT LIMIT 

The ML4825 employs two current limits. When the 
voltage at pin 9 exceeds iy the outputs are 
immediately shut off and the cycle is terminated for the 
remainder of the oscillator period by resetting the RS 
flip flop. 

If the output current is rising quickly such that the 
voltage on pin 9 reaches 1.4V before the outputs have 
turned off, a soft start cycle is initiated. The soft start 
capacitor (pin 8) is discharged and outputs are held 
"off" until the voltage at pin 8 reaches 1V, ensuring a 
complete soft start cycle. The duty cycle on start up is 
limited by limiting the output voltage of the error 
amplifier voltage to the voltage at pin 8. 
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ORDERING INFORMATION 





TEMPERATURE 




PARI NUMBER 


RANGE 


PACKAGE 


ML4825CP 


0**C to +70°C 


Molded DIP 


ML4825CQ 


0°C to +70°C 


Molded PCC 


ML4825IP 


-40°C to +85°C 


Molded DIP 


ML4825IQ 


-40°C to +85°C 


Molded PCC 


ML4825MJ 


-55°C to +125°C 


Hermetic DIP 
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PRELIMINARY 

FB3480 



Power Supply Controller Array 



GENERAL DESCRIPTION 

The FB3480 Power Supply Controller Array is a new 
concept in Switch Mode Power Supply Controller 
(SMPS) technology. This Array is the first configurable 
bipolar array specifically designed for SMPS 
applications. The FB3480 is optimized for high 
performance and low design cost and time, since most 
of the commonly used SMPS functions have been pre- 
designed and characterized. 

With the FB3480 a power supply designer can select 
his own unique controller topology and features 
without the need for external components. This 
flexibility allows compact PC board layout, minimizing 
interference from induced RFI/EMI, and enhancing 
high frequency performance. 

The FB3480 contains all of the elements found in most 
SMPS controllers in addition to areas of uncommitted 
circuitry on the Array which can be configured for 
unique applications. The core of the array is similar in 
performance to the UC1825 controller and consists of 
an oscillator, precision voltage reference, error 
amplifier and two totem pole high current output 
stages, which are specifically optimized for high 
performance at high frequency. These cells can be 
connected with other available circuitry on the chip to 
form a complete SMPS controller. The "uncommitted" 



sections of the array can be configured into 
comparators, logic, and other functions, to implement 
a complete control. In addition, closely matched 
resistors are available to precisely control thresholds 
and gain settings on the chip. 

The FB3480 array is used to make several state of the 
art standard products, including the ML4825 and 
ML4809. Cells from these and future Micro Linear 
FB3480 based standard products can be made available 
for customer designs. 

FEATURES 

■ Practical operation to Switching Speeds above 
1 MHz 

■ Precision Bandgap Reference +1 % 

■ 2 A peak push-pull output stages for high speed 
drive of power MOSFETs 

■ Fast comparator to output response time . . <50ns 

■ Available in DIP or PLCC 

■ Mil-Temp available 

■ Additional user-definable logic, comparators and 
other circuitry available on chip 
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CIRCUIT CAPACITY 

The FB3480 consists of pre-configured optimized 
functional cells which are commonly found In SMPS 
controllers. In addition the FB3480 has additional 
transistors and resistors available for user configuration. 
The Array topology is optimized to implement a full 
featured high performance SMPS controller utilizing 
both the "Dedicated Resources" (oscillator, error amp, 
reference and power output) and additional fully 
configurable resistors and transistors. 



The FB3480 can be configured to fully implement the 
ML4825 improved pin compatible replacement for the 
popular UC1825 controller and still have resources on 
chip for additional functions. 

The table below lists uncommitted resources which are 
still available after Implementing the following 
controller designs completely. 

The FB3480's unused elements can be configured into: 



Component 


ML4825 


ML4823 


FB3480 


Used 


Unused 


Used 


Unused 


Total 


NPN Current Sink 


20 


9 


15 


14 


29 


NPN Transistors 


27 


29 


21 


35 


56 


Dual Emitter NPN 


6 


8 


3 


11 


14 


NPN Follower (1 Emitter) 





8 





8 


8 


NPN Follower (2 Emitter) 


10 


7 


7 


10 


17 


Low Voltage 4 Collector PNP 


3 


8 


3 


8 


11 


High Voltage 4 Collector PNP 


2 


2 


2 


2 


4 


PNP Current Source 


3 


3 


2 


4 


6 


Zeners (NPN Diodes) 


2 


4 





6 


6 


2 A NPN Transistors 


4 





2 


2 


4 


Implanted Resistors 


37 


18 


29 


26 


55 


Base Resistor 


3 


5 


3 


5 


8 


Bondable Pads 


16 


12 


16 


12 


28 





DEDICATED RESOURCES 

The table below lists the dedicated functions which are 
available on the FB3480. Each of these blocks Is 
described In more detail beginning on page 4. 



REFtt 


Description 


Count 


OSC1 


1.5 MHz. Fmax R-C Oscillator 


1 


REF1 


5.1 V Precision Reference 


1 


PWR1 


2 A Peak Push-Pull Totem Pole 
Output Buffer 


2 


EA1 


5.5 MHz Bandwidth, 12V///S Slew 
Rate Error Amp 


1 


UV1 


Under-Voltage Lockout Circuit 


1 
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UNCOMMITTED RESOURCES 

The FB3480 includes a large number of transistors and 
resistors which are used to make up the circuit 
functions or "cells" which are available for design and 



FB3480 



listed beginning on page 8. The table below lists how 
many of these components are available and their 
typical performance characteristics. 



TYPICAL PERFORMANCE CHARACTERISTICS OF UNCOMMITTED RESOURCES 

Transistors 



Ref ft 


Description 


100 //A 


1 mA 


(Note 1) 


VCEO 


VCBO 


?r (MHz) 


Count 


TN1 


NPN Low Voltage 




100 


20 


12 


25 


450 


55 


TN3 


NPN Power (100 mA) 




100 


60 


45 


55 


450 


1 


TN4 


Dual Emitter NPN 




100 


20 


45 


55 


450 


10 


TN5 


NPN Emitter Follower 




100 


20 


12 


25 


450 


8 


TN6 


NPN Dual Emitter Follower 




100 


20 


12 


25 


450 


17 


TN7 


NPN Current Sinks 




100 


20 


12 


25 


450 


29 


TP1 


Lateral Low V PNP 


30 




1 


15 


25 


4 


8 


TP2 


Lateral High V PNP 


30 




1 


45 


45 


4 


3 


TP3 


Substrate PNP 


60 




1 


45 


45 


20 


1 



Diodes 



Ref # 


Description 


Vreverse 


'forward (mA) 


Count 


DN1 


NPN Diode 


6.8 


2 


6 



Resistors 



Ref # 


Type 


Value 


Tolerance 


Ratio Matching 

().S% 
1.0% 


Count 

() 
29 


RBI 


Base 


t2KQ 


20'X. 


RI1 


Implant 


2KQ 


20% 


RI2 


Implant 


8KQ 


20% 


1.0% 


8 


R13 


Implant 


30KQ 


20% 


3.0% 


5 



Note 1: This column indicates the useful current handling capability of the transistor and is defined as the current at which the /? is down to 
1/2 of its nominal (100M for PNP and 1mA for NPN) value. 



Transistors TP1, TP2, and TP3, are constructed with 
four separate collectors and can be used as current 
sources as shown below. TN7 is a special NPN 
transistor which includes a 200Q resistor cell and is 
intended to be used as a current sink in conjunction 
with the on chip bias reference generator. 



Current Sources CP1 and CP3 are examples of current 
sources which can be constructed with the PNP 
transistors. CP1 is a basic biasing current source, 
where the 3 output currents are equal to the input 
current. CP3 has an additional circuit to cancel the 
base current error and is more accurate and linear. 
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ABSOLUTE MAXIMUM RATINGS 

Supply Voltage 36V 

Output Current, Source or Sink (Power Outputs) 

DC 0.5A 

Pulse (0.5 AfS) 2.0A 

Input Voltage (logic, comparators etc.) -0.3V to 6V 

Error Amplifier Output Current 5mA 

Oscillator Charging Current -5mA 

Junction Temperature 150°C 

Storage Temperature Range -65°C to h-ISO^'C 

Lead Temperature (Soldering 10 sec.) +260°C 



OPERATING TEMPERATURE RANGE 

Plastic Packages (PCC or DIP) -40°C to +85°C 

Ceramic Packages -55°C to +125°C 



Absolute maximum ratings are those values beyond which the 
device could be permanently damaged. Absolute maximum ratings 
are stress ratings only and functional device operation is not 
Implied. 



FB3480 CORE CELL DESCRIPTIONS 

Oscillator 

The FB3480 oscillator charges the external capacitor 
(Cj) with a current (Iset) equal to V(1)/Rt. When the 
capacitor voltage reaches the upper threshold, the 
comparator changes state and the capacitor discharges 




to the lower threshold. While the capacitor is 
discharging, a high pulse is provided on (3). 

Several configurations are available for the FB3480 
oscillator: 

1. Basic ML4825 oscillator: A fixed discharge time is 
provided by saturating a transistor for \q\^. This 
discharge current is approximately 10 mA. Charge 
time is fixed since pin 4 is set to 3V by the internal 
resistor divider at node A. 

2. Controlled Discharge: Iqis is equal to: 

16 X V(pin 5) 
Rdt 

3. Voltage Controlled Oscillator. The connection at 
node A is open and pin 4 is brought out. The 
control range is from IV to 5.5V. The voltage at pin 
4 sets the charge and discharge currents (if option 
2 above is implemented) thereby controlling the 
frequency of the oscillator. 
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ELECTRICAL CHARACTERISTICS (unless otherwise noted, these specifications apply for Ry 
-55''C < Tj < 150°C, Vcc = 15V) fixed deadtime, A connected. 


= 3.65KQ, Ct 


= lOOOpF, 


Parameter 


Conditions 


DESIGN LIMITS 


Units 


Min 


tVp 


Max 


OSC1 and OSC2 Oscillator 


Initial Accuracy 


Tj = 25°C 


360 


400 


440 


KHz 


Voltage Stability 


10V < Vcc < 30V 




0.2 


2 


% 


Temperature Stability 


-55°C < Tj < 150°C 






5 


% 


Total Variation 


line, temp. 


340 




460 


KHz 


Clock out High 




3.9 


4.5 




V 


Clock out Low 






2.3 


2.9 


V 


Ramp Peak 




2.6 


2.8 


3.0 


V 


Ramp Valley 




0.7 


1.0 


1.25 


V 


Ramp Valley to Peak 




1.6 


1.8 


2.0 


V 


Capacitor Discharge Current 




10 






mA 


Current Consumption 






3.2 




mA 


Typical VCO Control Range 


1.5 < OSC2-4 < 5V 


75% 




175% 


^NOM 
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Oscillator (Continued) 

The Oscillator period can be described by the 
following relationship: 



Tosc - T| 



ramp 



"deadtime 



where: Tramp = C (Vupper 
and: Tdeadtime = C (V, 



Slower)' 'charge 
upper ~ V|ower)''dls 



Voltage Reference and Undervoltage Lockout 

The FB3480 voltage reference is a buffered trimmed 
bandgap design with excellent thermal characteristics. 
The undervoltage lockout circuit (UV1) monitors Vcc 
and compares it to a zener voltage with hysteresis in 
the comparator. When the supply is sufficiently high to 



td-*- 



W 




Vth lower 



allow operation of the controller, pin 1 of UV1 goes 
true, enabling Vrefi. which runs the bias circuitry for all 
the logic. In this way, when the Vcc is under voltage, 
the array goes into a low current consumption mode. 
The thresholds for UV1 can be selected. 



ENABLE 
(FROM UV1-1) 




ELECTRICAL CHARACTERISTICS (unless otherwise noted, Vcc = 15V, -55°C < T, < 150°C) 
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Parameter 


Conditions 


DESIGN LIMITS 


Units 


Min 


lyp 


Max 


VRl 


Output Voltage 


T| = 25°Q lo = 1mA 


5.05 


5.10 


5.15 


V 


Line Regulation 


10V < Vcc < 30V 




2 


20 


mV 


Load Regulation 


1mA< lo< 10mA 




5 


20 


mV 


Temperature Stability 


-55°C < Tj < 150°C 




.2 


.4 


mV/°C 


Total Output Variation 


line, temp. 


5.0 




5.20 


V 


Output Noise Voltage 


10Hz to lOKHz 




50 




/uV 


Long Term Stability 


T, = 125°C, 1000 Hrs 




5 


25 


mV 


Short Circuit Current 


Vref = OV 


-15 


-50 


-100 


mA 


Current Consumption 






.7 




mA 


UVl 


Start Threshold 




8.8 


9.2 


9.6 


V 


UVOL Hysteresis 




. .4 


.8 


1.2 


V 
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Error Amplifier 

The FB3480 error amplifier is a 5.5 MHz bandwidth, 
MV/jjS slew rate op-amp with provision for limiting the 
positive output voltage swing (Output Inhibit line) for 
ease in implementing the soft start function. 




ELECTRICAL CHARACTERISTICS (unless otherwise noted, Vcc = 15V, -55°C < Tj < 150°C) 





Conditions 


DESIGN LIMITS 


Units 


Min 


Typ 


Max 


EAl 


Input Offset Voltage 








10 


mV 


Input Bias Current 






.6 


3 


M 


Input Offset Current 






.1 


1 


//A 


Open Loop Gain 


1 < Vo < 4V 


60 


96 




dB 


CMRR 


1.5 < VcM < 5.5V 


75 


95 




dB 


PSRR 


10 < Vcc < 30V 


85 


110 




dB 


Output Sink Current 


Veai-i = 1V 


1 


2.5 




mA 


Output Source Current 


Veai-1 = 4V 


-.5 


-1.3 




mA 


Output High Voltage 


Ieai-i = -0.5mA 


4.0 


4.7 


5.0 


V 


Output Low Voltage 


Ieai_i = 1mA 





0.5 


1.0 


V 


Unity Gain Bandwidth 




3 


5.5 




MHz 


SU«w Kate 




6 


12 




V//yS 


Current Consumption 


Ieai-i = 




,1.5 




mA 



Output Driver Stage 

The FB3480 Output Driver is a 2A peak output high 
speed totem pole Circuit designed to quickly switch the 
gates of capacitive loads, such as power MOSFET 
transistors. The external translator to the left of the 
PWR1 cell is shown as an example of how to interface 
from logic signals to the output stage and is made up 
of uncommitted resources available on the IC. 




ELECTRICAL CHARACTERISTICS (unless otherwise noted, Vcc = 15V, -55°C < Tj < 150°C) 
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Parameter 


Conditions 


DESIGN LIMITS 


Units 


Min 


Typ 


Max 


PWRl 


Output Low Level (Vql) 


louT = 20mA 
louT = 200mA 




0.25 
1.2 


0.40 
2.2 


V 
V 


Output High Level (Vqh) 


louT = -20mA 
Iqut = -200mA 


13.0 
12.0 


13.5 
13.0 




V 
V 


Collector Leakage 


Vc = 30V 




100 


500 


M 


Rise/Fall Time 


Cl = lOOOpF 




30 


60 


nS 


Current Consumption 


Iqut = 




73 




mA 
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UNCOMMITTED RESOURCE CELLS 

The functions listed below are pre-simulated "cells" 
which are available for use. These "cells' are made up 
from the uncommitted resources described on page 3. 

Comparators 



ELECTRICAL CHARAaERISTICS (unless otherwise noted, Vcc = 15y -55°C < Tj < 150°C) 






Parameter 


Conditions 


DESIGN LIMITS 


Units 


Min 


lyp 


Max 


CMPl — Simple NPN Comparator 


Output Low Level 


Iqut = 1n^A 




3.6 


4.1 


V 


Output High Level 


Iqut = -1mA 




4.35 


4.7 


V 


Input Offset Voltage 






10 




mV 


Input Common Mode Range 




1 




4.1 


V 


TpHL 






20 




nS 


TpLH 






20 




nS 


Voltage Gain 






28 




v/v 


Quiescent Current Consumption 






1 




mA 


CMP2 — Simple Ground Sensing PNP Input Comparator 


Output Low Level 


Iqut = ImA 




3.6 


4.1 


V 


Output High Level 


Iqut = -1mA 




4.35 


4.7 


V 


Input Offset Voltage 






20 




mV 


Input Common Mode Range 




CND 




3.1 


V 


TpHL 






25 




nS 


TpLH 






25 




nS 


Voltage Gain 






28 




V/V 


Quiescent Current Consumption 






1 




mA 
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Comparators (Continued) 

ELECTRICAL CHARACTERISTICS (unless otherwise noted, Vcc = 15V, -55°C < Tj < 150°C) 





Conditions 


DESIGN LIMITS 


Units 


Min 


Typ 


Max 


CMP3 - High Gain NPN Comparator 


Output Low Level 


louT = 1n^A 




3.6 


4.1 


V 


Output High Level 


louT = -1mA 




4.35 


4.7 


V 


Input Offset Voltage 






20 




mV 


Input Common Mode Range 




1 




4.1 


V 


TpHL 






35 




nS 


TpLH 






35 




nS 


Voltage Gain 






700 




v/v 


Quiescent Current Consumption 






1 




mA 


CMP4 — Very High Gain NPN Comparator 


Output Low Level 


louT = 1mA 




3.6 


4.1 


V 


Output High Level 


Iqut "= -1mA 




4.35 


4.7 


V 


Input Offset Voltage 






10 




mV 


Input Common Mode Range 




1 




4.1 


V 


TpHL 






500 




nS 


TpLH 






500 




nS 


Voltage Gain 






15,000 




V/V 


Quiescent Current Consumption 






1 




mA 


BUF1 - Voltage Follower (Buffer) 


Input Bias Current 








4 


M 


Output Voltage Range 


•out < 1mA 







4.1 


V 


Offset Voltage 








10 


mV 


Input Common Mode Range 




1 




4.1 


V 


Open Loop Voltage Gain 






1000 




V/V 


Slew Rate 


Cl < 1pF 


2 






V///S 


Quiescent Current Consumption 






.375 




mA 


LSI — 1.25V Level Shift 


Input Bias Current 








12 


M 


VouT-V,N 




1.1 




1.4 


V 




' 375mC)tN7 ' 

BUF1 
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Internal Logic Macro Functions 

The FB3480 logic section is a pre-characterized library 
made up of high speed, high noise immunity Emitter 
Function Logic (EFL) and Emitter Coupled Logic (ECL) 
functions. This logic family uses uncommitted low 
voltage transistors and resistors which are available to 
be metallized (described on page 3) to make up the 
logic functions below. 



FB3480 



This family features the ability to "wire or" the outputs 
as well as having a very flexible structure and fast 
propogation delay times. For more information on 
designing with EFL logic, please refer to the Application 
Hints on page 12. 



Ref # 


Description 


Component Utilization 


Design Limits 


TNI 


TN4 


TN5 


TN6 


TN7 


DNl 


RBI 


tpD (nS) 


lcc(mA) 


G1 


2-lnput 2-Output OR 


3 






1 


1 




1 


7 


.375 


G2 


2-lnput 2-Output AND 




1 




1 


2 


1 


1 


5 


.7 


G3 


2-lnput Complementary Output OR/NOR 


2 




2 




1 




2 


7 


.375 


G4 


2-lnput Complementary Output 

AND/NAND 


4 




2 




2 


2 


2 


7 


.7 


G5 


2-lnput NOR 


3 




1 




1 




1 


7 


.375 


G6 


2-lnput AND 




1 


1 




2 


1 


1 


5 


.7 


G7 


2-lnput OR 


3 




1 




1 




1 


7 


.375 


G8 


2-lnput NAND 


4 




1 




2 


1 


1 


7 


.7 


GT1 


EFL to TTL 2-lnput OR Open Collector 


4 








1 


2 


2 


10 


.7 


GT2 


EFL to TTL 2-lnput OR Totem Pole 


5 








2 


3 


5 


13 


1.125 


F1 


R-S Flip Flop 


2 


1 




1 


1 




1 


8 


.375 
1.125 
1.875 


F2 


Positive Edge Triggered D Flip Flop 


4 


2 




2 


3 




1 


10 
12 


F3 


Positive Edge Triggered T Flip Flop 


6 


5 






5 




3 


F4 


T Flip Flop with Preset 


« 


1 






6 




4 


12 


2.2(> 







F1 



F3 





GT1 




TTL 



GT2 



I 

io) 
I 
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APPLICATIONS INFORMATION 

DESIGNING AND SPECIFYING A CONTROLLER 

The FB3480's core cell architecture is designed to 
simplify the task of designing a PWM controller for 
unique needs or specific tasks. Micro Linear will design 
the IC for a nominal initial lot charge providing that the 
design uses the cells described in this datasheet. A 
specification for a customized FB3480 controller 
requires the following elements: 

1. A block diagram describing the interconnection of 
the cells. This could also take the form of a modified 
block diagram from any of Micro Linear's standard 
products (such as the ML4809 or ML4825). The block 
diagram should be drawn in terms of the cells 
described in this datasheet. 

2. Packaging requirements. The FB3480 has 28 bondable 
pads. Industrial temperature range units can be 
packaged in 28 pin Plastic Leaded Chip Carrier 
(PLCC) Plastic DIP packages from 14 to 28 pins. 
Military temperature range units can be packaged in 
Ceramic DIP packages from 14 to 28 pins. 

3. Test specifications. 

4. Operating Temperature Range requirements. 

An accurate indication of circuit performance can be 
obtained by prototyping with one of Micro Linear's 
standard products built from the FB3480 (such as the 
ML4825 or ML4809) and using "off the shell" 
comparators and logic of similar performance to that 
specified in the FB3480 datasheet. 

DESIGNING WITH EFL LOGIC 

The FB3480's logic section is a collection of high 
frequency NPN transistors, current sink transistors, 
resistors and diodes which can be configured into a 
variety of high speed logic functions. The logic family 
used in the FB3480 is Emitter Function Logic (or EFL) 
which features speed, flexibility and simplicity. Since 
most of the logic is interconnected "on chip", buffering 
to drive PC board layout capacitances is not needed, 
further minimizing the number of transistors which are 
used to accommplish the necessary logic. In addition, 
the output structure lends itself to accomplishing 
"wired-or" functions. 

The family's output voltage swings are between (Vref - 
Vbe), logic 1, and (Vref - 2Vbe), logic 0, where Vref 's 
set to 5.1V internally. Input thresholds are called Vbh 
and Vbl and are set by the threshold generator shown 
below to (Vref - Vbe/2) for a logic 1 and (Vref - 3 * 
Vbe/2) for a logic 0. 



\W}- 



|Vbh I - 



750m(PtN7 



LOGIC BIAS THRESHOLD GENERATOR 



In the example below, G1 is a full OR gate. When 
either input A or input B exceeds Vbl (1-5 * Vbe down 
from the supply), Q1 is cut off, putting the base of Q4 
at Vref, which puts Vref - Vbe on the output at the 
emitters of Q4. When both A and B are below Vbl, Q1 
conducts forcing the voltage on its collector to drop to 
(Vref - Vbe). This occurs since TN7 is set so that its 
current (375 /jA) will cause a Vbe drop to occur in a 
2KQ resistor. The output emitters of Q4 will be at Vbase 
- Vbe, or (Vref - 2Vbe). 




06 is an AND gate using a dual emitter input. When 
either emitter is allowed to go below Vbl (Vbh - Vbe), 
TN1 conducts, which causes the output to go low. If 
both inputs are above Vbl, TN4's base sits at Vref, 
which makes TN4's output (Vref - Vbe)- 
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APPLICATIONS INFORMATION (Continued) 

When multiple outputs are tied together, they function 
like an OR gate. Only one of the output emitters need 
to go "high" for the line to become true. This assumes 
that the node is loaded with one current sink. 

Comparator functions with combinational logic can also 
be easily constructed using this family. Note that G1 has 
a full differential input stage. By applying a voltage (V1) 
on the base of Q1, the output will be true when A or B 
exceed V1. A similar example using an AND function is 
shown below. 

With the FB3480, a power supply designer can select 
his own unique controller topology and features 
without the need for external components. This 
flexibility allows compact PC board layout, minimizing 
interference from induced RFI/EMI, and enhancing high 
frequency performance. 

Inverting or complementary outputs can be obtained 
easily from most simple logic functions simply by 
moving the load resistor and output transistor base 
connection to the opposite collector. 



^ 



[^H Cq' ^b h HCsi^ 



375yuA()TN7 



375mQtN7 
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General Purpose PWM Controller Array 



GENERAL DESCRIPTION 

The FB3490 Power Supply Controller Array is 
optimized for use in Switch Mode Power Supply 
designs at frequencies up to 750 KHz. These "core 
cells" (Oscillator, Reference, Output Drivers) are 
optimized for high performance while retaining 
maximum flexibility. In addition, this array contains 
cells (or tiles) which can be used for logic, amplifiers, 
comparators and other special functions. 

With the FB3490, a power supply designer can select a 
unique controller topology and feature set without the 
need for external components. Design and layout of a 
unique controller is simplified through the use of 
many pre-defined and pre-simulated "soft macros" 
which can be made available for customer designs. 

This array is similar in performance to the UC1846 and 
was used to implement the ML4812 Power Factor 
Controller. Cells from these and future Micro Linear 
FB3490 based standard products can be made available 
for customer designs. 



FEATURES 

■ Practical Operation at Switching Frequencies to 
750 KHz 

■ Dual High Current (1A peak) Totem Pole Outputs 

■ ±0.5% Trimmed Bandgap Reference 

■ Multiple Error Amp systems possible 

■ Extensive library of "soft macro" building block 
functions available for user design 

■ 40V bipolar dual layer metal process 



BLOCK DIAGRAM 
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Resonant Mode Controller Array 



GENERAL DESCRIPTION 

The FB3491 is an application focused tile array 
intended for resonant mode power supply controller 
applications. This array built on our 40 volt technology 
consists of customized and general purpose groupings 
of components to implement the various power supply 
control circuit blocks. Certain areas, such as the power 
output section and the oscillator, are customized to 
obtain a higher level of performance for these critical 
circuit functions. 

The array has four high current (2A peak) output 
transistors to implement two high current, low cross 
conduction, totem pole type output drivers. The high 
current capability allows the quick charge and 
discharge of the gate capacitance of external power 
MOSFET devices. 

High speed emitter function logic circuits can be 
implemented to achieve fast current sense circuits. A 
propagation delay of less than 50ns from current sense 
to output shutdown can be achieved. An oscillator that 
is capable of operating up to 3MHz and a precision 
reference with an accuracy of ±1% and a temperature 
stability of 50 ppm/°C are examples of the level of 
performance that can be achieved. 

Standard products built on this tile array can be easily 
modified to create a semi-standard version optimized 
for a specific customers application. 



FEATURES 

■ Array Optimized for Resonant Mode Power Supply 
Control Circuits 

■ High Current (2A) Output Transistors for Fast 
Output Drivers 

■ Can Implement all the Circuit Blocks for a High 
Performance Resonant Mode Controller 

■ 6 Analog Circuit Blocks and 40 Gate Complexity 

■ 40 Volt, 400 MHz Technology 

ARRAY SUMMARY 



NPN Transistors 


315 


PNP Transistors 


126 


Power NPN Transistors 


4 


Schottky Transistors 


33 


Total Diffused Resistance 


570K 


Total Implant Resistance 


2600K 


Total MOS Capacitance 


34pF 


Total Components 


1248 


Bond Pads 


30 


Die Size (mils) 


140 X 181 



■nriin 




FB3491 — Resonant Mode Controller Array 
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Phase Modulation Controller Array 



GENERAL DESCRIPTION 

The FB3492 is an application focused tile array 
intended for phase modulated power supply controller 
applications. This array, built on our 40 volt technology, 
consists of customized and general purpose groupings 
of components to implement the various power supply 
control circuit blocks. Certain areas, such as the power 
output section, the oscillator, and the voltage reference 
are customized to obtain a higher level of performance 
for these critical circuit functions. 

The array has eight high current {2A peak) output 
transistors to implement four high current, low cross 
conduction, totem pole type output drivers. The high 
current capability allows the quick charge and 
discharge of the gate capacitance of external power 
MOSFET devices. 

High speed emitter function logic circuits can be 
implemented to achieve fast current sense circuits. A 
propagation delay of less than 50ns from current sense 
to output shutdown can be achieved. An oscillator that 
is capable of operating up to 3MHz and a precision 
reference with an accuracy of +1% and a temperature 
stability of 50 ppm/°C are examples of the level of 
performance that can be achieved. 

Standard products built on this tile array can be easily 
modified to create a semi-standard version optimized 
for a specific customers application. 



FEATURES 

■ Array Optimized for Phase Modulated Power 
Supply Control Circuits 

■ High Current (2A) Output Transistors for Fast 
Output Drivers 

■ Can Implement all the Circuit Blocks for a High 
Performance Phase Modulation Controller 

II 9 Analog Circuit Blocks and 60 Gate Complexity 

■ 40 Volt, 400 MHz Technology 

ARRAY SUMMARY 



NPN Transistors 


323 


PNP Transistors 


131 


Power NPN Transistors 


8 


Schottky Transistors 


39 


Total Diffused Resistance 


580K 


Total Implant Resistance 


2500K 


Total MOS Capacitance 


34pF 


Total Components 


1290 


Bond Pads 


29 


Die Size (mils) 


140 X 201 




FB3492 — Phase Modulation Controller Array 
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Semi-Standard Overview 



SEMI-STANDARD ANALOG ICs 

Custom ICs are often required to achieve a proprietary 
edge in high performance analog systems. 
Unfortunately, the high risk and long development 
cycles are often prohibitive, forcing the system 
designer into specifying much less optimum, and less 
competitive off-the-shelf standard ICs. Semi-standard 
analog ICs provide a cost effective alternative that 
combines the competitive advantage of a custom 
circuit with the low risk of a standard product. 

The level of technical risk and the time-to-market of 
this approach is significantly reduced over a full 
custom or semi-custom IC development. The risk is 
lower because only an incremental change is made to 
an already proven device. The time-to-market 
advantage comes from a combination of a much 
shorter development time for the semi-standard and 
the added benefit of being able debug the system 
level issues by using the standard product. 

MODIFIED STANDARD PRODUCTS 

Semi-standard analog ICs are created by modifying 
existing standard products. Modifications can span all 
the way from a functional circuit change to a simple 
variation in the part marking. Examples of the range of 
possible semi-standard modifications are as follows: 

Circuit Modifications 

Modify Functional Blocks 
Change Input/Output Levels 
Adjust Gain/Thresholds 



Shift Logic Levels (ECL, TTL, CMOS) 
Move Current Limit Point 
Reduce Bandwidth 
Improve Power Consumption 
Tweak Charge/Discharge Currents 
Adjust Voltage Reference 

Other Semi-Standard Modifications 

Change Part Marking 

Extend the Temperature Range 

Add Electrical Tests 

Modify the Pinout 

Change the Package 

Circuit modifications are easily made to Micro Linear's 
standard products because they are built using our 
proprietary Tile Array technology. Tile Arrays are 
collections of active and passive components arranged 
in a pattern on an integrated circuit chip. Each 
standard product is developed, by designing two layers 
of metal interconnect to implement the specific circuit 
functions required for the product. 

Micro Linear produces standard products using bipolar 
tile arrays and CMOS standard cell technologies. The 
Tile Array technology allows the widest range of 
functional and performance modification possibilities. 
The CMOS standard cell technology, while not flexible 
for functional modifications, can still accommodate 
performance, specification, or physical changes. A 
summary of the types of modifications possible for 
each group of standard products is shown below in 
Table A. 





Technology 


Functional 
Modifkations 


Performance 
Modifications 


Specification or 
Packaging Changes 


Power and Motion Control 

High Frequency PWM Control 
Resonant Control 
Sensorless Motor Control 


BT 
BT 
BT 


Yes 
Yes 
Yes 


Yes 
Yes 
Yes 


Yes 
Yes 
Yes 


Fiber Optic LED Drivers 
Fiber Optic Quantizer 
10Base-T Trans: AUI/MPR 


BT 
BT 
BT 


Yes 
Yes 
Yes 


Yes 
Yes 
Yes 


Yes 
Yes 
Yes 


Analog Telecom/ NCTE 

Signal Equalizers 
Gain/Attenuators 
Sine Wave Generators 
Tone Detectors 


CS 
CS 
CS 
CS 


No 

No 
No 
No 


Yes 
Yes 
Yes 
Yes 


Yes 
Yes 
Yes 
Yes 


Hard Disk Drives 

Pulse Detectors 
Data Separators 
Dedicated Servo Control 
Voice Coil Driver 


BT 
BT 
BT 
BT 


Yes 
Yes 
Yes 
Yes 


Yes 
Yes 
Yes 
Yes 


Yes 
Yes 
Yes 
Yes 


Data Conversion & Filtering 

8, 10 & 12 A/D Converters 
8-Bit D/A Converters 
Switched Cap Filter 


CS 
CS 
CS 


No 
No 
No 


Limited 
Limited 
Limited 


Yes 
Yes 
Yes 


(Code: BT = Bipolar Tile Arrays; CS = CMOS Standard Cells) 

Table A. Semi-Standard Reference Guide 
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SEMI-STANDARD DEVELOPMENT 

A semi-standard circuit can be easily and quickly 
developed from a standard product. The customer 
need only defme the functional, performance, and 
physical nature of the modifications necessary to the 
Micro Linear standard product to meet his system 
requirements. Micro Linear then will perform the 
circuit design and complete the performance 
verification simulations. At this point a design review Is 
held with the customer to make sure all aspects of the 
development are in accordance with the customers 
requirements. Micro Linear then proceeds with making 
the necessary layout changes, manufacturing, testing 
and delivering the prototypes. This complete 
development flow is illustrated in figure B. 



SEMI-STANDARD FLOW CHART 
CONCEPT TO PROTOTYPE 




PROPOSAL TO 
CUSTOMER 




RESPONSE TO 
MICRO LINEAR 



DESIGN & 
VERIFICATION 




LAYOUT, MASKS 

FABRICATION 

AND TEST 



DELIVER 

PROTOTYPE TO 

CUSTOMER 



Figure B. 
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Analog and Mixed Analog/ Digital 

Tile Arrays 



Micro Linear's Tile Arrays can implement a wide range 
of complex circuit and performance applications. They 
are comprised of uncommitted active and passive 
components arranged in an organized tile pattern on 
an integrated circuit chip to provide maximum 
flexibility and ease of interconnection. After a circuit is 
designed and simulated, several metal patterns are 
created to connect the components and produce a 
customized analog USIC. USIC is an acronym for User 
Specific Integrated Circuit. USICs are ICs that are 
specific to a customer or user and are commonly 
referred to as ASICs. 

Mini Tile Architecture 

The pattern of the components on each array is based 
on Micro Linear's proprietary mini tile approach. Each 
mini tile is comprised of a group of components 
selected and arranged to implement circuit functions. 
For example, a T1 mini tile has three NPNs, one PNP, 
and various resistors. This is the most common mini- 
tile and has the highest frequency of placement on the 
arrays. A T1 mini tile can implement many of the basic 
integrated circuit functions such as, differential 
amplifiers, current mirrors and level shifters. A T5 mini- 
tile has twelve precision resistors and six small NPN 
transistors. The precision resistors make this mini tile 
ideal as the core part of a DAC. A T2 mini tile has two 
matched NPNs, medium current NPN, PNP output 
transistors, and most importantly a MOS capacitor. A 
T2 mini tile is used, with a few T1s, to implement an 
operation amplifier with the MOS capacitor used for 
on-chip frequency compensation. 

Other mini tiles are optimized for specific aspects of 
circuit performance. For example, T13 mini tiles are for 
high frequency design, T16 mini tiles contain a power 
schottky transistor for non-saturating output stages, and 
T14 and T15 mini tiles have a 2 amp NPN and a 
medium current PNP respectively for implementing a 
high current complementary output stage. Please refer 
to the mini tile description in this section for a 
complete listing and explanation of the various mini 
tiles. 

The mini tile architecture is such that is provides an 
optimum balance between flexibility and low cost. It 
has the flexibility required to implement a wide range 
of circuit functions and achieves low cost by an 
efficient use of silicon. The cost of a circuit utilizing 
this mini tile architecture is competitive with cost of an 
equivalent discrete implementation. 



Custom Circuit Alternatives 

The architecture of most analog arrays are designed to 
achieve maximum flexibility with high performance. 
They typically consist of a collection of components 
arranged in a symmetrical, regular pattern. These 
general purpose arrays attempt to meet the widest 
range of circuit function requirements. Micro Linear's 
FB3610, FB3620, FB3630 are examples of this type of 
array. 

A standard cell, full custom integrated circuit is at the 
other end of the custom IC spectrum from general 
purpose arrays. This approach uses previously designed 
circuit functions and puts them together like a puzzle. 
The cells can be optimized for the specific application 
and performance requirements. This approach also 
carries with it the disadvantages of significantly longer 
development times and higher costs compared to the 
array approach. These longer times and costs become 
extremely painful when considering that most custom 
ICs require several iterations before production ready 
devices are achieved. 

The increasing performance requirements of potential 
custom IC applications is slowly pushing the analog 
arrays to their performance limit. Also, the strong need 
for shorter development times and lower risk 
eliminates standard cell as an option. An ideal solution 
to all of these requirements is an application focused 
array approach that combines the best of both array 
and full custom solutions. 

Application Focused Arrays 

These application focused arrays are optimized for 
specific application and/or market areas. They consist 
of custom designed tiles along with general purpose 
tiles. The custom tiles are optimized for maximum 
performance for those circuit functions where the 
performance is critical to the system performance. 
These custom tiles can then be programmed with two 
layers of metal to select the functionality required for 
the specific application. The general purpose mini tiles 
are provided for added flexibility to implement the less 
critical circuit blocks. 

Since this is an array approach, it has the advantages 
of short development times and low costs. Because the 
critical circuit functions are custom, maximum 
performance is achieved. Because of this, application 
focused arrays offer an attractive, low risk approach for 
custom integrated circuits. 
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Micro Linear's FB3480 Power Supply Controller array is 
an excellent example of an application focused array. 
Also the FB3490 General Purpose PWM Controller array, 
the FB3491 Resonant Mode Controller array and the 
FB3492 Phase Modulation Controller array are all 
focused arrays intended for the various aspects of 
power supply application markets. These arrays are 
described in further detail in the power supply section 
of this book. 

Our FB3651 LAN Transceiver array is an application 
focused array for local area network Transceiver 
applications. This array can implement all of the analog 
and timing functions for a cable line driver/receiver. 
Please refer to the Data Communications section for 
more information on this array. 

Another example of application orientation of analog 
arrays is the FB3623 High Power Array described herein. 
The FB3623 is divided into two separate sections, one 
custom designed specifically for high power output 
drivers and the other section with general purpose mini 
tiles for maximum circuit flexibility. 

Tile Array Families 

Two different families of arrays are available depending 
on the voltage and speed requirements needed for the 
circuit to be integrated. The FB3600 is a 12-volt, high 
speed tile array family and the FB3400 is a 40-volt, 
moderate speed tile array family. 

FB3600 Tile Arrays 

The FB3600 family of arrays are built using a 12-volt, 
1 GHz technology The arrays are configured with mini- 
tiles. Each tile is a collection of specific components 
such as NPN or PNP transistors, resistors, capacitors, 
etc. The mini tile approach to array design results in an 
optimum use of silicon such that very cost-effective 
solutions can be realized. 

Array Summary 

FB3605 
FB3610 
FB3620 
FB3621 
FB3622 
FB3623 
FB3630 
FB3631 
FB3635 

FB3400 



— Small High Frequency 

— Small General Purpose 

— Medium General Purpose 

— Medium High Frequency 

— Medium with Power Schottky 

— Medium with High Power NPNs 

— Large General Purpose 

— Large Mixed Analog/Digital 

— Large Mixed Analog/Digital 

Tile Arrays 



The FB3400 family of arrays are built using a 40-volt, 
300 MHz technology. A mini tile approach similar to 
the FB3600 family is used to achieve the same flexibility 
and efficient use of silicon. Circuits common to 
automotive and military applications that use +15 volt 
power can be integrated on the FB3400 arrays. 

Array Summary 

FB3410 — Small General Purpoe 
FB3420 — Medium General Purpose 
FB3430 — Large General Purpose 



High Performance and High Complexity 
Applications 

Micro Linear's FB3600 family of arrays are ideal for 
many applications in areas such as communications, 
signal processing, telecom, industrial control, computer 
peripheral, and navigation as examples. High frequency 
circuits like a 90 MHz voltage controlled oscillator or a 
100 MHz cascode amplifier can be implemented. 
Output drive capability up to 2 amps (4 x 0.5A), 
precision circuits with 0.5% accuracies and offset 
voltages as low as 1 mV (trimmed) are possible on the 
tile arrays. Circuit complexities as high as 24 analog 
circuit blocks or 8 op amps and 130 gates of ECL logic 
all can be integrated on a single tile array. 

This high level of performance has allowed USICs to be 
used in a very diverse applications. Any system that 
requires small board space, low weight, low cost and 
high performance is a candidate for integration into a 
tile array. Some examples of circuits/systems that have 
been successfully integrated on Micro Linear tile arrays 
are: 

• Laser diode bias control circuit for a fiber optic 
communication system 

• Optical receiver for a laser gyroscope 

• Fiber optic quantizer for optical transmission systems 
(see ML4621) 

• PWM control circuit for DC motors 

• Starlan transceiver for local area networks 

• Twisted pair transceiver for serial data 
communications 

• VCO/data detect/signal processing circuits for a high 
density tape drive 

• Complete signal processing function for a hearing 
aid 

• Dual preamp for tape drive storage system 

• Aircraft power monitor control circuit 

• Chip set that implements the complete servo control 
loop for hard disk systems (see ML4401, ML4402, 
ML4403, ML4404) 

• Pulse peak detector for hard disk drive (see 
ML8464C) 

Additional application information is available in the 
application notes section of this catalog. 

Packaging 

Many types of packaging are available for the tile arrays. 
Devices can be assembled, tested and produced In 
volume in plastic and ceramic dual-in-line (DIP), plastic 
and ceramic chip carriers (PLCC, LCC) as well as new 
surface mount technologies like small outline packages 
(SOIC). Tape and reel format shipments are available for 
automated assembly requirements. Please refer to the 
USIC package selection guide in this section. 
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Design Methodology 

Micro Linear has extensive experience designing and 
producing state-of-the-art analog and mixed analog 
digital USICs. The key aspects of our successful 
methodology include: computer simulations with very 
accurate component models; in depth design reviews 
with the customer; expert mask layout and computer 
checking; and complete packaging and testing 
capability. 

Computer Simulations 

The expected performance of the finished IC is verified 
with computer simulations. Extensive simulations are 
performed on a mainframe computer using Micro 
Linear's proprietary SPICE simulator. The simulations are 
performed over the worst case conditions of 
temperature and power supply voltages, as well as the 
expected process variations, to ensure a reliable and 
manufacturable device. 

The accuracy of the simulations are strongly dependent 
on the accuracy of the component simulation models. 
Micro Linear device simulation models are developed 
from extensive characterization measurements on 
finished devices. They are verified by matching the 
characteristics the simulation program predicts versus 
regularly updated measurements from the finished 
production worthy devices. 

Design Reviews 

A thorough design review can have a significant 
positive impact on the success of a USIC development. 
At Micro Linear detailed design reviews are conducted 
with the customer engineer and several Micro Linear 
engineers in attendance. All aspects of the design are 
reviewed including system performance, circuit 
schematics, simulation results, layout plan, test 
strategies, and package options. Upon completion of 
this review both the customer and Micro Linear have a 
high confidence for completely functional prototypes. 



USIC Development Program 

A brief sunnmary of the steps involved in 
developing an USIC with Micro Linear are: 

1. SEND INFORMATION TO MICRO LINEAR 
Custonner sends block diagrams, schematics, 
and specification requirements on prospective 
USIC to Micro Linear for review. 

2. TECHNICAL REVIEW AND QUOTE 
Micro Linear reviews the customers block 
diagrams, schematics, and specifications and 
responds with technical assessment, costs and 
development times. 

3. FINALIZE DEVELOPMENT PLAN 

Micro Linear and customer agree on the 
development plan. 



4. 



5. 



6. 



7. 



FINALIZE CIRCUIT REQUIREMENTS 
Micro Linear consults closely with the 
customer to completely understand the 
functional and performance requirements. 

CIRCUIT DESIGN AND SIMULATION 

Micro Linear performs the circuit design and 

simulation verification. 

DESIGN REVIEW 

Customer participates in a detailed design 

review with Micro Linear engineers. 



MASK LAYOUT 

Micro Linear performs the mask layout for the 

circuit on the chosen tile array. 

INTEGRATION 

Micro Linear performs the integration steps 
including: Masks making, wafers processing, 
wafer test, packaging, and prototype testing. 

DELIVER PROTOTYPES 

Micro Linear delivers prototypes to customer. 

10. CUSTOMER EVALUATES PROTOTYPES 



8. 



9. 



j^t^ Micro Linear 



7-5 



^ 


^■Wll^l \M 


■■■■I 














U 


5>ILs 


FB3600 Tile Array Selection Guide 




Array 


FB3605 


FB3610 


FB3620 


FB3621 


FB3622 


FB3623 


FB3630 


FB3631 


FB3635 


Description 


Small 

High 

Frequency 


Small 
General 
Purpose 


Medium 
General 
Purpose 


Medium 

High 
Frequency 


Medium 

Power 

Schottky 


Medium 
High 
Power 


Large 
General 
Purpose 


Large 
Mixed 
Analog/ 
Digital 


Large 
Mixed 
Analog/ 
Digital 


Mini Tile Summary 


T1 


General 


10 


48 


64 


48 


48 


64 


112 


92 


36 


T1A 


General 


10 


















T2 


Specialized 


2 


6 


12 


8 


12 


12 


24 


12 


4 


T2A 


Specialized 


2 


















T3 


Power 


2 


4 


4 


2 




4 


4 


4 


2 


T4 


Low Noise 




4 


4 


4 




2 


4 






T5 


Precision 






4 






4 


8 




2 


T6 


NPN Intensive 








8 










8 


17 


High Frequency 








12 


12 






4 


12 


T8 


Schottky Core 


















4 


T9 


ECL Logic 


10 














22 


42 


T10 


ECL Logic Bias 
















1 


1 


T11 


TTL Output 


8 






4 








8 


8 


T12 


Schottky Peripheral 


















2 


T13 


High Frequency 


4 


















T14 


High Power NPN 












4 








T15 


Medium Current PNP 












4 








T16 


Power Schottky 










14 










T17 


General 


^ 














1 




Array Summary 


Complexity* 
Analog 
Digital 


4 
28 


6 


12 


8 


12 


12 


24 


12 
62 


9 
130 


NPN Transistors 


260 


178 


268 


329 


276 


272 


472 


690 


901 


PNP Transistors 


32 


78 


124 


88 


108 


132 


232 


154 


63 


Schottky Transistors 


16 






8 


14 






16 


48 


Total Diffused Resistance 


240K 


288K 


425K 


495K 


432K 


425K 


768K 


850K 


818K 


Total Implant Resistance 


816K 


1563K 


2048K 


2064K 


1920K 


2048K 


3584K 


3928K 


3064K 


Total MOS Capacitance 


20pF 


30pF 


60pF 


40pF 


60pF 


60pF 


120pF 


60pF 


40pF 


Total Components 


840 


742 


1092 


1508 


1370 


1360 


1944 


2806 


2805 


Bond Pads 


24 


24 


32 


32 


28 


27 


46 


44 


44 


Die Size (mils) 


70 X 110 


82 X 102 


102 X 115 


102 X 115 


112 X 125 


115 X 122 


131 X 150 


142 X 156 


131 X 150 


* Analog complexity is in one 74 
Digital complexity is in two inj 


1 op-amp o 
3ut NAND g 


two 339 comparator equivalents. (See also Power Supplies Arrays 
ate equivalents. 


in section 6) 
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Component Performance 



COMPONENT 


FB3600 FAMILY 


NPN Transistor 


hpE = 120 
fj = 750MHz 
BVceo = 14V 


NPN Large Transistor (FB3623 Only) 


hpE = 100 
fj = 750MHz 
BVceo = 14V 
Ic = 0.5A 


PNP Substrate Transistor 


hpE = 60 
fj = 24MHz 
BVceo = 25V 


PNP Lateral Transistor 


hpE = 30 
fj = 12MHz 
BVceo = 25V 


Diffused Resistor 


2% matching with ±20% absolute value 


Precision Resistors 


0.5% matching with ±20% absolute value 


Implant Resistors 


4% matching with ±25% absolute value 


MOS Capacitor 


±20% absolute value 
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FB3600 Mini Tile Description 



Tl Mini Tile 

The T1 mini tile contains the components that 
constitute the major portion of most analog 
designs. It can implement many common 
building block functions such as current mirrors, 
differential gain stages and level shifters. It is the 
most general-purpose analog building block and 
has the greatest frequency of placement within 
the arrays. 

T1A Small Tl Mini Tile 

The T1A mini tile is a slightly modified T1 general 
purpose mini tile. It has the same active device 
count but has about half the resistor segments. 
Just like the T1 mini tile this tile is configured to 
implement many of the fundamental circuit 
blocks in integrated circuit design such as current 
mirrors, differential amplifiers and level shifters. 

T2 Mini Tile 

Many analog building blocks, such as op-amps, 
use a T2 mini tile along with multiple T1 mini 
tiles. This mini tile has the second greatest 
frequency of placement within the arrays. The 
MLC3630 is a silicon dioxide capacitor whose 
value can be programmed up to 5pF. This 
capacitor is often used to provide on-chip 
compensation for operational amplifiers. 

T2A Small T2 Mini Tile 

This mini tile is very similar to but smaller than 
the T2 mini tile. This mini tile is typically used in 
conjunction with several T1 mini tiles. 
Operational amplifiers that use an on-chip 
compensation capacitor are built with a T2 or 
T2A and T1 mini tiles. 

T3 Mini Tile 

This mini tile contains two NPN power transistors 
for output stages driving up to 100mA each. 
These mini tiles are located in peripheral 
positions around the chips, in close proximity to 
the bonding pads. 

T4 Mini Tile 

This mini tile contains two large six emitter low 
noise NPN transistors. These transistors are used 
in circuits which require noise performance of 
less than SnVVFiz. These transistors can also be 
medium capacity power transistors. 
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Components 

MLC3600 minimum NPN 
MLC3611 lateral PNP 
MLC3620 750Q base resistor 
MLC3621 4K0 implant resistor 
MLC3622 8Kfi implant resistor 



MLC3601 circular emtter NPN 
MLC3602 three emitter NPN 
MLC3610 minimum vertical PNP 
MLC3612 2X vertical PNP 
MLC3630 5pF MOS capacitor 



MLC3602 three emitter NPN 
MLC3612 2X vertical PNP 
MLC3630 5pF MOS capacitor 



MLC3605 power NPN 



MLC3604 6X low noise NPN 



Qty. 

3 
1 
8 

4 
2 









MLC3600 minimum NPN 
MLC3611 lateral PNP 
MLC3620 750Q base resistor 
MLC3621 4K0 implant resistor 
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T5 Mini Tile 

This mini tile contains six minimum geometry 
NPN transistors and twelve precision resistor links. 
These special resistors have a nominal ohmic 
value of 850O and are matched to within an 
accuracy of 0.5%. It is possible to construct R-2R 
ladders to be used in the core of an 8-bit DAC by 
using two T5 mini tiles. 

T6 Mini Tile 

The T6 mini tile is designed for NPN intensive 
transistor circuit design. ECL logic can be 
implemented with this tile. 

17 Mini Tile 

This mini tile contains six dual base contact 10mA 
high speed, low noise NPN transistors. Each of 
these small transistors has a 50O base resistance. 
Two T7 tiles can implement 100MHz cascode 
amplifier or a 60MHz video amplifier. 

T8 Mini Tile 

The T8 mini tile contains a mixture of schottky 
and other components for analog design. The 
schottky devices are useful for clamping signal 
levels and in certain high speed comparator 
designs. 

T9 Mini Tile 

This mini tile contains one basic ECL logic cell 
which can implement one data latch (with set & 
reset). Two basic ECL logic cells can implement 
one edge triggered D-type flip-flop (with set and 
reset). An alternative usage for one basic ECL logic 
cell would be to implement three 2-input ECL 
gates, two 4-input ECL gates or one 8-input ECL 
gate. The actual gate can be a NAND, AND, OR or 
NOR gate. Two of the minimum NPNs have their 
collectors tied to Vco 

T10 Mini Tile 

The T10 mini-tile provides the necessary 
temperature adjusted reference voltages for 
biasing the ECL logic. Unlike analog voltage 
references, ECL logic needs the bias reference to 
vary with temperature. This mini tile has its 
function predefined for most applications. 

Til Mini Tile 

This mini tile contains components for building an 
output buffer for a TTL or CMOS output stage 
(TTL fanout of 2). The mini tile can convert the 
on-chip ECL logic levels to TTL or CMOS logic 
levels. 

T12 Mini Tile 

The T12 mini tile contains additional Schottky 
components for building TTL or CMOS input or 
output buffers. 
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Components 

MLC3600 minimum NPN 
MLC3625 850Q precision rpsistor 



Qty. 



6 
12 



MLC3600 minimum NPN 
MLC3620 750Q base resistor 
MLC3621 4K0 implant resistor 



MLC3600 minimum NPN 
MLC3606 double base NPN 
MLC3620 750O base resistor 
MLC3621 4KQ implant resistor 



2 
6 
16 
8 



MLC3607 minimum schottky NPN 2 

MLC3602 three emitter NPN 1 

MLC3612 2X vertical PNP 1 

MLC3608 minimum schottky diode 4 

MLC3630 5pF MOS capacitor 1 



MLC3600 minimum NPN 8 

MLC3600A two minimum NPNs 2 

MLC3600B minimum NPN 2 

MLC3600C minimum diode 2 

MLC3620 750O base resistor 12 

MLC3621 4K0 implant resistor 8 



MLC3600 minimum NPN 


13 


MLC3611 lateral PNP 


2 


MLC3612 2X vertical PNP 


1 


MLC3620 750Q base resistor 


30 


MLC3621 4KQ implant resistor 


6 


MLC3630 5pF MOS capacitor 


1 


MLC3600 minimum NPN 


2 


MLC3609 6X schottky NPN 


1 


MLC3613 2X schottky NPN 


1 


MLC3620 750n base resistor 


5 


MLC3621 4KO implant resistor 


1 


MLC3624 50O emitter resistor 


1 


MLC3607 minimum schottky NPN 


2 


MLC3609 6X schottky NPN 


2 
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T13 High Frequenq^ Mini Tile 

High frequency circuit design requires specially 
designed components. This mini tile contains 
transistors with low internal base resistance and 
low value, small area base resistors essential for 
high frequency circuit design. The low value 
resistors are critical in high frequency design as 
load resistors to achieve a practical output swing 
with the high currents necessary to maximize the 
bandwidth of the transistors. The small area of 
these resistors is also very important because it 
minimizes the parasitic capacitance that limits high 
frequency performance. This mini tile contains 
minimum NPN transistors, circular NPN transistors, 
double base NPN transistors, base, implant, and 
small area base resistors. 
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Components Qty. 



MLC3600 minimum NPN 2 

MLC3601 circular emitter NPN 2 

MLC3606 double base NPN 4 

MLC3620 750Q base resistor 8 

MLC3621 4KQ implant resistor 4 

MLC3629 225fi base resistor 6 



T14 High Power NPN Mini Tile 

The T14 mini tile contains a high current NPN 
power transistor and a clamp diode. These devices 
along with the PNP transistors on the T15 mini tile 
can implement a high power output stage with 
surge protection. The NPN power transistor can 
handle 0.5 Amps of current. The clamp diode is 
connected to protect the large NPN from 
transient surge voltages and currents. 

115 Medium Current PNP Mini Tile 

This mini tile has the PNP transistors that work in 
conjunction with the power devices in the T14 
mini tile to implement an output stage. These PNP 
transistors can supply the necessary base drive 
current, up to 10 mA, for the large NPN 
transistors. Also on this mini tile is a smaller PNP 
that is a scaled version of the large PNP This PNP 
is typically connected with the larger PNP as a 
current mirror with a gain of nine. 

T16 Power Schottky Mini Tile 

The T16 mini tile consists of one schottky NPN 
transistor capable of handling 120 mA. This 
schottky device is useful in the design of output 
stages that need to drive high current pulses into 
magnetic heads. Switching speed is enhanced 
over a regular power transistor because saturation, 
and the resulting speed degradation, is avoided 
with the schottky transistor. 

T17 General Purpose Mini Tile 

The T17 mini tile is used for general purpose 
design. It contains minimum NPN and minimum 
vertical PNP transistors and implant resistors. 






MLC3605A high power NPN (0.5A) 1 
MLC3609A clamp diode 1 



MLC3616 36X lateral PNP 
MLC3615 4X lateral PNP 



MLC3631 large Schottky NPN 



MLC3600 minimum NPN 
MLC3610 minimum vertical PNP 
MLC3621 4K0 implant resistor 
MLC3622 8K0 implant resistor 



4 
4 
12 
6 
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FB3605 Small High Frequenq^ Tile Array 



GENERAL DESCRIPTION 

The FB3605 is a bipolar analog tile array developed for 
mixed analog and digital applications that require high 
frequency performance. This FB3600 family tile array 
utilizes our proprietary mini tile architecture. The mini 
tile approach combined with our 12 volt, 1 GHz 
technology allows high complexity high speed circuits 
to be easily integrated. 

High frequency circuits like a 90 MHz voltage 
controlled oscillator or other similar performance 
circuits can be integrated using the FB3605 tile array. 
In addition to this particular circuit block the array can 
also contain 4 full function op amps (741 type) as well 
as 28 gates of ECL logic and 8 digital output buffers 
capable of interfacing to ECL, TTL, or CMOS. 

A new high frequency mini tile was designed for this 
array. This mini tile contains 4 double base, high 
frequency NPNs and 6 low value (225 ohm) base 
resistors along with other NPNs and resistors. The 
double base NPNs and the low value base resistors are 
the key to implementing high frequency circuits. 

The FB3605 is the smallest of the FB3600 family of 
arrays. The small die, 70 by 110 mils, allows it to fit into 
a very small package. The FB3605 can be assembled in 
a 0.15 inch wide SOIC package for minimum board 
space. 



FEATURES 

■ High frequency operation 

■ Small die size — Fits in narrow SOIC Package 

■ Mixed Analog and Digital circuitry 

■ 5 analog circuit blocks with 28 ECL gates 

■ On chip MOS capacitors 

■ 12 volt, 1 GHz technology 



ARRAY SUMMARY 



NPN Transistors 


260 


PNP Transistors 


32 


Schottky Transistors 


16 


Total Diffused 
Resistance 


240 K 


Total Implant 
Resistance 


816 K 


Total MOS 
Capacitance 


20 pF 


Total Components 


840 


Bond Pads 


24 


Die Size (mils) 


70 X 110 



MINI TILE SUMMARY 



T1 General 


10 


T1A Small T1 


10 


T2 Specialized 


2 


T2A Small T2 


2 


T3 Power 


2 


T9ECL 


10 


T11 TTL Output 


8 


T13 High Frequency 


4 




FB3605 — Small High Frequency Tile Array 
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FB3610, FB3620, FB3630 General Purpose Tile Arrays 



GENERAL DESCRIPTION 

The FB3610, FB3620, and FB3630 are general purpose 
analog tile arrays capable of implementing a wide 
range of circuit functions. These FB3600 family arrays 
use our proprietary mini-tile architecture. The mini-tile 
approach combined with our 12-volt, 1 GHz 
technology allows high complexity high speed circuits 
to be easily Integrated. 

Each of these general purpose arrays have the same 
basic structure. The difference is in the number of 
mini-tiles and therefore the number of total 
components available on each array. The different 
arrays can incorporate differing levels of circuit 
complexities. The FB3610 is the smallest and able to 
contain approximately six full function operational 
amplifiers or twelve comparators. The largest general 
purpose array the FB3630, can incorporate 24 
operational amplifiers or as many as 48 comparators. 

Both the FB3620 and FB3630 contain precision resistor 
mini-tiles which allows precision circuits to be 
integrated on these arrays. The typical resistor match 
of 0.5% enables an 8-bit DAC to be implemented. All 
three of these arrays also contain low noise and power 
devices. The low noise transistors allow circuits with 
less than SnV/VRz Input referred noise to be realized. 
The power transistors can supply up to 100mA each 
and can be paralleled for higher currents. Other FB3600 
arrays can achieve up to 2 amps. 

High performance circuits can be implemented on 
these arrays. Amplifiers with bandwidths up to 70 MHz 
and voltage controlled oscillators up to 50 MHz can be 
implemented on the FB3610, FB3620 or FB3630 arrays. 
Higher frequency performance can be achieved on 
other FB3600 family tile arrays. 



FEATURES 

■ High complexity and high performance 

■ Operates with supplies up to 12 volts, ±10% 

■ Flexible mini-tile architecture 

■ Precision and high current components 

■ 12 volt, 1 GHz technology 

ARRAY SUMMARY 





FB3610 


FB3620 


FB3630 


NPN Transistors 


178 


268 


472 


PNP Transistors 


78 


124 


232 


Total Diffused Resistance 


288K 


425K 


768K 


Total Implant Resistance 


1563K 


2048K 


3584K 


Total MOS Capacitance 


30pF 


60pF 


120pF 


Total Components 


742 


1092 


1944 


Bond Pads 


24 


32 


46 


Die Size (mils) 


82 X 102 


102 X 115 


131 X 150 


MINI-TILE SUMMARY 




FB3610 


FB3620 


FB3630 


T1 General 


48 


64 


112 


T2 Specialized 


6 


12 


24 


T3 Power 


4 


4 


4 


T4 Low Noise 


4 


4 


4 


T5 Precision 




4 


8 
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FB3630 
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FB3621 Medium High Frequency Tile Array 



GENERAL DESCRIPTION 

The FB3621 array is ideal for applications that have 
high frequency and low noise requirements. This 
FB3600 family tile array utilizes our proprietary mini-tile 
architecture. The mini tile approach combined with 
our 12-volt, 1 GHz technology allows high complexity, 
high speed circuits to be easily integrated. 

High frequency and low noise circuits require 
transistors with low parasitic base resistance. This array 
contains a large number of transistors with dual base 
contacts and therefore low base resistance. In addition 
to these high frequency/low noise NPNs the array has 
a high percentage of regular NPN devices. The high 
overall number of NPN transistors enables a large 
number of high frequency circuit blocks to be 
implemented. ECL logic, which uses mostly NPN 
devices, can also be integrated on this array. 

Typical types of circuit functions that can be 
implemented on the FB3621 array are 100 MHz 
cascode amplifiers, VCOs, wideband/low noise 
amplifiers, and high speed comparators (Tq < 5ns). 



FEATURES 

■ High frequency operation 

■ Low noise circuits 

■ On-chip MOS capacitors 

■ 12 volt, 1 GHz technology 

ARRAY SUMMARY 



NPN Transistors 


329 


PNP Transistors 


88 


Schottky Transistors 


8 


Total Diffused 
Resistance 


495K 


Total Implant 
Resistance 


2064K 


Total MOS 
Capacitance 


40pF 


Total Components 


1508 


Bond Pads 


32 


Die Size (mils) 


102 X 115 



MINI TILE SUMMARY 


T1 General 


48 


T2 Specialized 


8 


T3 Power 


2 


T4 Low Noise 


4 


T6 NPN Intensive 


8 


T7 High Frequency 


12 


Til TTL Output 


4 
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FB3622 Medium Power Schottky Tile Array 



GENERAL DESCRIPTION 

The FB3622 is a bipolar analog tile array developed for 
applications that require fast high current outputs. This 
FB3600 family tile array utilizes our proprietary mini tile 
architecture. The mini tile approach combined with 
our 12 volt, 1 GHz technology allows high complexity 
high speed circuits to be easily integrated. 

Around the perimeter of the die are fourteen large 
schottky NPN power transistors. These power 
transistors, capable of handling over 100 mA each, 
make this array ideal for applications which call for 
driving inductive loads with high currents such as 
magnetic write heads. Twelve high frequency tiles 
expand the capabilities of this array These high 
frequency tiles allow high frequency circuit blocks to 
be included on this array. 

This array can accommodate eighteen functional 
blocks of the approximate complexity of a 324 
operational amplifier. 



FEATURES 

■ 14 power schottky NPN transistors 

■ Design complexities of 18 functional blocks 

■ Precision and high frequency mini tiles 

■ On chip MOS capacitors 

■ 12 volt, 1 GHz technology 

ARRAY SUMMARY 



NPN Transistors 



276 



PNP Transistors 



108 



Schottky Transistors 14 



Total Diffused 
Resistance 



432 K 



MINI TILE SUMMARY 


T1 General 


48 


T2 Specialized 


12 


T7 High Frequency 


12 


T16 Power Schottky 


14 



Total Implant 
Resistance 



1920 K 



Total MOS 
Capacitance 



60 pF 



Total Components 1370 



Bond Pads 



28 



Die Size (mils) 



112 X 125 
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FB3623 Medium High Power Tile Array 



GENERAL DESCRIPTION 

The FB3623 is a bipolar analog tile array capable of 
handling up to 2 amps of current. This FB3600 family 
tile array utilizes our proprietary mini tile architecture. 
The mini tile approach combined with our 12 volt, 
1 GHz technology allows high complexity, high speed 
circuits to be easily integrated. 

The array has two distinct sections, one with the 
power output devices and the other for general 
purpose circuits. The general purpose section, the 
larger area, is configured for circuits that can be 
designed using the various types of mini tiles. Op 
Amps, comparators, video amplifiers, voltage controlled 
oscillators, analog multiplexers, and mixers, are some 
examples of the types of circuit functions that can be 
realized using these mini tiles. 

The other section of the array has components 
designed for high current output stages. Consisting 
primarily of four 0.5 A power NPNs, four 10 mA lateral 
PNPs, and four high current clamp diodes, this area 
can integrate output stages with a wide variety of 
configurations such as a four by 0.5A, two by 1 A, or 1 
by 2 A for examples. The clamp diodes protect the 
output transistors from spurious transient signals on 
the output. 

The two sections are separated by a diffused region 
which minimizes any coupling from the output 
transistor section back into the rest of the circuit 
which might cause problems due to high gain or low 
signal levels. 



FEATURES 

■ High Current Capability — up to 2 A 

■ Mixed High Power and Low Level Circuits 

■ High complexity with High Performance 

■ On chip MOS capacitors 

■ 12 volt, 1 GHz technology 



ARRAY SUMMARY 



MINI TILE SUMMARY 



NPN Transistors 


272 


PNP Transistors 


132 


Total Diffused 
Resistance 


425 K 


Total Implant 
Resistance 


2048 K 


Total MOS 
Capacitance 


60 pF 


Total Components 


1360 


Bond Pads 


27 


Die Size (mils) 


115 X 122 



T1 General 



64 



T2 Specialized 



T3 Power 



T4 Low Noise 



T5 Precision 



T14 High Power NPN 4 
T15 High Power PNP 4 
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FB3631 Large Mixed Analog Digital Tile Array 



GENERAL DESCRIPTION 

The FB3631 tile array was developed for mixed analog 
digital applications. This FB3600 family tile array utilizes 
our proprietary mini tile architecture. The mini tile 
approach combined with our 12 volt, 1 GHz 
technology allows high complexity, high speed mixed 
signal circuits to be easily integrated. 

This array is optimized for high complexity analog with 
a moderate amount of digital circuitry. For example, 
twelve 324 style operational amplifiers, sixty-six gates of 
logic, eight digital output buffers, and 3 other circuit 
blocks can all be implemented on a FB3631 tile array. 

Our 1 GHz bipolar process allows us to achieve high 
performance circuits on our FB3600 tile arrays. 
Amplifiers with a bandwidth of 100 MHz and digital 
ECL gates with delays of 2 ns can be implemented on 
Micro Linear tile arrays. 



FEATURES 

■ Mixed Analog and Digital Circuitry 

■ 15 Analog circuit blocks with 66 ECL Gates 

■ 2800 Components, 44 Bond Pads 

■ On chip MOS Capacitors 

■ 12 volt, 1 GHz technology 



ARRAY SUMMARY 



NPN Transistors 


690 


PNP Transistors 


154 


Schottky Transistors 


16 


Total Diffused 
Resistance 


850 K 


Total Implant 
Resistance 


3928 K 


Total MOS 
Capacitance 


60 pF 


Total Components 


2806 


Bond Pads 


44 


Die Size (mils) 


142 X 156 



MINI TILE SUMMARY 



T1 General 


92 


T2 Specialized 


12 


T3 Power 


4 


17 High Frequency 


4 


T9ECL 


22 


T10 ECL Bias 


1 


T11 TTL Output 


8 


T17 General 


1 
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FB3635 Analog and Digital Tile Array 



GENERAL DESCRIPTION 

The FB3635 offers both analog and digital circuit design on a 
single tile array. The top half of the FB3635 contains 
components for analog circuit design. The bottom half of the 
array contains npn components for digital design. 

The analog section can implement eight LM324 type op 
amps or twelve LM339 type comparators. Many comparator 
applications can use a comparator with npn transistors in the 
input stage. In this case, the analog section of the array can 
be filled with eighteen comparators. A two quadrant analog 
multiplier, AGC circuit, analog multiplexer (switch), video 
amplifier or a MC1496 type modulator/demodulator can also 
be implemented. Each of these functions requires roughly the 
same number of components as one op amp. In addition, the 
array can also implement one 8-bit DAC, four 100MHz cas- 
code amplifiers and a voltage reference. 

The digital section of the FB3635 contains forty two digital 
logic cells. Each digital logic cell can implement a one bit 
latch (with set and reset), or three NAND gates. Two digital 
logic cells can implement an edge triggered D type flip-flop 



FEATURES 

■ Mixed analog and digital tile array 

■ Analog section 

npn ft 720MHz 

pnpft25MHz 

Eight 5 pF MOS capacitors 

Operates up to 12 V ± 10% 

■ Digital section 

132 NAND gates or 42 latches 

2 ns gate propagation delay 

ECL logic using a single +5 volt supply 

TTL, ECL, and CMOS compatibility 



with set and reset. All logic functions are implemented using 
ECL logic. This provides for 2 nanosecond gate propagation 
delays and flip-flop toggle rates of 80 MHz. The logic area can 
be powered off of a single 5 V supply. On-chip logic level 
converters can convert the arrays ECL logic levels to standard 
TTL, CMOS or ECL logic levels. 
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FB3400 Tile Array Selection Guide 



FB3400 Family (±18V or up to 36V supply operation) 






Array 


FB3410 


FB3420 


FB3430 


Description 


Small General Purpose 


Medium General Purpose 


Large General Purpose 


Mini Tile Summary 


T1 


General Purpose 


16 


32 


44 


T2 


Special Devices 


4 


12 


16 


T3 


Power Devices 


4 


4 


4 


T4 


Low Noise Devices 





4 





T5 


Precision Resistors 





2 


3 


Array Summary 


Complexity* 


4 


12 


16 


NPN Transistors 


132 


296 


394 


PNP Transistors 


52 


124 


168 


Total Diffused Resistance 


176K 


384K 


538K 


Total implant Resistance 


1600K 


3200K 


4400K 


Total MOS Capacitance 


40pF 


120pF 


160pF 


Total Components 


524 


1132 


1500 


Bond Pads 


32 


46 


66 



* Analog complexity is in one 741 op amp or two 339 comparator equivalents. Digital complexity is in two input NAND gate equivalents. 

Component Performance (under typical operating conditions) 



COMPONENT 


FB3400 FAMILY 


NPN Transistor 


hpE = 120 
fy = 300MHz 
BVeeo = 40V 


NPN Large Transistor (FB3623 Only) 




PNP Substrate Transistor 


hpE = 60 
fj = 20MHz 
BVeeo = 45V 


PNP Lateral Transistor 


hpE = 30 
fj = 3MHz 
BVeeo = 45V 


Diffused Resistor 


2% matching with ±20% absolute value 


Precision Resistors 


0.5% matching with ±20% absolute value 


Implant Resistors 


4% matching with ±25% absolute value 


MOS Capacitor 


±20% absolute value 
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FB3400 Mini Tile Description 



T1 Mini Tile 

This is a general-purpose analog tile. It can implement 
many common building block functions, such as 
current mirrors, differential gain stages and level 
shifters. A T1 tile contains seven small geometry NPNs 
(ft 300MHz), two quad collector PNPs (ft 4MHz), eleven 
1kQ resistors, and ten 10kO resistors. 

T2 Mini Tile 

The T2 tile contains a collection of specialized 
components. Many analog building blocks, such as op- 
amps, use a T1 tile and a T2 tile. The T2 tiles contain 
two medium size low noise NPN transistors, four small 
substrate PNPs (ft 8MHz), one large substrate PNP (ft 
8MHz), one triple emitter NPN, and a MOS capacitor 
whose value can be programmed up to 10pF. 

T3 Mini Tile 

The T3 file contains two NPN power transistors for 
output stages driving up to 100mA each. These tiles 
are situated in peripheral positions around the chips, 
in close proximity to the bonding pads. 

T4 Mini Tile 

The T4 tile contains two low-noise NPN transistors 
which are used in circuits requiring low noise 
performance. 

T5 Mini Tile 

This mini tile contains ten minimum geometry NPN 
transistors and eighteen precision resistor links. These 
special resistors have a nominal ohmic value of 900Q 
and are matched to within an accuracy of 0.5%. It is 
possible to construct R-2R ladders used in the core of 
an 8-blt DAC by using 24 resistors. 
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FB3410, FB3420, FB3430 
General Purpose Tile Arrays 



GENERAL DESCRIPTION 

The FB3400 family has been designed to utilize the traditional 
analog ± 15 V signal swings and power supply rails. A single 
power supply of up to 36 V or split power supplies of up to 
± 18V can be utilized. Significant board space and cost sav- 
ings are possible with the FB3400 family of analog tile arrays. 

A single FB3400 Analog ASIC can typically replace ten to 
twenty standard analog building block components. In addi- 
tion, many of the active and passive components surround- 
ing the discrete building blocks can be incorporated on-chip. 

The FB3400 family utilizes Micro Linear's new mini-tile archi- 
tecture concept. The FB3400 family uses five different mini- 
tiles. One or more mini-tiles can be combined to implement 
functional blocks such as op-amps, comparators, voltage 
references, video amplifiers, transconductance amplifiers, 
modulators, demodulators, RS-232, RS-432, RS-422, V.35 
drivers & receivers, D/A and pulse width modulation circuits. 



FEATURES 

■ Optinnized for up to 36 V operation 

■ High Component Density, dual layer metal process 

■ 300MHz array technology 

■ Three high performance family members 

■ Design complexities of up to 16 op-amps 

■ On-chip precision resistors and compensation 
capacitors 



GENERAL PURPOSE ANALOG ARRAYS 
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Package Selection Guide 




Package 


FB3605 


FB3610 


FB3620 


FB3621 


FB3622 


FB3623 


FB3630 


FB3631 
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FB3605 


FB3610 


FB3620 


FB3621 


FB3622 


FB3623 


FB3630 


FB3631 


FB3635 


FB3410 


FB3420 


FB3430 


SOIC-8 
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X 


X 
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X — Indicates the array is available in this package 

Package Descriptions 

SDBRZ = SIdebrazed DIP 

LCC = Leadless Chip Carrier 

CDIP = Ceramic DIP 

PDIP = Plastic DIP 

PCC = Plastic Leaded Chip Carrier 

SOIC = Small Outline 
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Quality and Reliability 



Micro Linear is dedicated to excellence in its people and products. By adopting a policy of continuous 
improvement, we pledge to provide defect free products and services which meet or exceed our 
customers' expectation. 



Total Quality Control 

At Micro Linear we are committed to total quality 
control by building quality into every step of the 
manufacturing process from design to product 
qualification; from receiving to shipping. The Quality 
and Reliability Assurance program at Micro Linear 
Corporation is a detailed program involving 
engineering and manufacturing and is designed to 
produce the highest quality linear integrated circuits 
available. 

Wafer Inspection 

Emphasis is placed on statistical analysis, electrical 
measurements on specially designed Process Control 
Monitors in accordance with MIL-STD-414 (sampling by 
variables), visual inspection, and film measurements. 
Potential reliability hazards are investigated and 
detected early by utilizing diagnostic and device 
structures on each wafer and periodic SEM analysis. 

Assembly Inspectbn 

Comprehensive receiving inspection for all materials 
and piece-parts is performed in accordance with the 
strictest quality assurance procedures. To assure 
conformance and control to specifications, 
documented quality control checks and monitors are 
performed on-line. 

Testing 

Micro Linear has invested in the latest "state-of-the-art" 
analog testers to achieve the most complete and 
thorough parametric testing of integrated circuits in 
the industry. Data sheets provide the customer a 
precise listing of parameters which are 100% tested. 
The calibration system is in compliance with 
MIL-STD-45662. 

Traceability 

For complete traceability to wafer fab and assembly lot, 
a mark is placed on all packages giving information on 
a unit-by-unit basis. 

Micro Linear considers traceability to be essential for 
good engineering control and additional insurance for 
its customers. 



ESD (Electro Static Discharge) 

Products are fully characterized to MIL-STD-883C, 
Method 3015 and strict controls on handling and 
packaging are observed. A full ESD program, from 
design through manufacturing, incorporates training of 
all employees who handle Micro Linear products. 

Major Change Control 

Major change controls are in place to notify customers 
in accordance with MIL-M-38510. Micro Linear reviews 
all process, product, and package changes. All changes 
with possible impact are submitted for a re- 
qualification which may include electrical, mechanical, 
and/or thermal characterization. If applicable, reliability 
requalification is performed. 

Process Control 

Process monitors and gate inspections insure that all 
devices are properly tested and that the required 
sample tests are performed prior to shipment. 
Inspection records and reports concerning monitors 
and inspection data are used to status the quality level 
of products through the final test operations. Statistical 
sampling plans insure the quality of the product. 

Micro Linear welcomes OEM quality system surveys. 
Micro Linear is qualified by a number of customers to 
MIL-Q-9858A and MIL-l-45208 for military programs. 

Failure Analysis and Reporting of 
Customer Returns 

A formal program exists to record, analyze, and take 
appropriate corrective action on all returns. A 
Corrective Action Committee reviews all discrepancies 
and assigns responsibility to implement solutions or 
improvements on a weekly basis. A report is generated 
and sent to the customer stating our findings and 
corrective action. 
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Document Control Audits 

All records providing product traceability are Critical manufacturing areas are audited by a quality 

maintained in accordance with MIL-M-38510. All inspector at specified intervals. The audit verifies 

company documents for procedures, specifications, adequacy of operator training, correct revisions, the 

drawings, travelers, flow charts, schematics, etc. that procedures, proper data entry, and record maintenance, 

define customer requirements, raw material In addition, weekly audits include an ESD program, 

requirements, design, manufacture, and testing of particle count, calibration, and document control 

products are controlled by a Document Control programs, 
organization within the Micro Linear's Quality 
Assurance group. 
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Molded Package Flow 



WAFER SORT 



ASSEMBLY LOCATION 



100% INSPECTION 



2nd OPTICAL VISUAL INSPECTION 



2ND OPTICAL Q.C 



THERMOSONIC WITH 99,99% GOLD WIRE 

2 UNITS/MACHINE (10 WIRES MIN) 

100% INSPECTION 



EPOXY CURE 

WIRE BOND 

BOND PULL 



o 



3RD OPTICAL VISUAL INSPECTION 



3RD OPTICAL Q.C. 



175°C, 4.5-6 HRS 



MARK (MAY BE DONE ELSEWHERE ON FLOW) 



POST MOLD CURE 



DEFLASH, TRIM AND FORM 



SOLDER PLATE 

MIL-STD-883, METHOD 2003 

175°C, 60 MINUTES 

MIL-STD-883, METHOD 2015 



METAL FINISH 
— [ J SOLDERABILITY 

MARKING CURE (MAY OCCUR EARLIER IN FLOW) 



o 



MARKING 

PERMANENCY (MAY OCCUR EARLIER IN FLOW) 



Micro Linear 
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Molded Package Flow (Continued) 



100% INSPEaiON 



FINAL 
INSPECTION 



QUALITY 
INSPECTION 



EXTERNAL VISUAL INSPECTION 



RECEIVING 
INSPECTION 



100% TEST AT ROOM TEMPERATURE 
OR MAXIMUM RATED OPERATING TEMP 



ELECTRICAL 
TEST 



AQL TEST AT TEMPERATURE 



EXTERNAL VISUAL INSPECTION 



QA AUDIT 



FINISHED 
GOODS 



SHIPPING 
INSPECTION 





FLOW CHART SYMBOLS 


@ Production 




% 


Production Inspection 


@ Quality Inspection 


— ► Transport 


//))^ Store inventory 


\~\ Quality Monitor 
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Reliability Program 

Micro Linear's Reliability Program consistent with those 
of other semiconductor manufacturers utilizes various 
accelerated life tests as tools for establishing reliability 
status and progress. These tests are undertaken to 
identify infant mortality and wearout failure mechanisms 
for specific or generically similar device families. 

Micro Linear's Reliability Program has two components: 
Qualification and Quality Conformance Inspection. Each 
design/process technology set, each wafer fabrication 



facility, and each assembly location by package type is 
initially qualified. Periodic re-evaluation (Quality 
Conformance Inspection) is performed. The plan is 
illustrated in Figures 1 and 2 and detailed in Tables 1 
through 4. 

Micro Linear's product reliability is monitored closely 
and we have an extensive reliability data base for both 
hermetic and molded devices. This data is published on 
a quarterly basis. Micro Linear is seeing reliability failure 
rates of less than 10 FITS at 55°C. 



FAILURE 
RATES 



t 
LIFE TEST 



DESIGN/PROCESS 
SET 



t 
TABLE 1 

+ ESD 



ASSEMBLY 
LOCATION 



TABLE 2 AND 3 
HERMETIC 



t 
TABLE 4 
MOLDED 



WAFER 

FABRICATION 

FACILITY 



MAJOR 
CHANGES 



t 
PLAN 



t 
PLAN 



Note: "PLAN" are the appropriate stresses and tests determined by reliability engineering. 

Figure 1. Qualification Testing 



MICRO LINEAR MILITARY STANDARD 
MICRO LINEAR STANDARD 



WAFER FABRICATION 

FACILITY BY 
DESIGN/PROCESS SET 




ASSEMBLY LOCATION BY 
PACKAGE 




TABI 
(3 MO 


r 

LE 1 
NTHS) 


T 

(6 


ABI 
WE 


r 

LE 2 
EKS) 


TABI 
(6MOr 


r 

LE 3 
^THS) 


TABLE 4 

N/A 


(6 MONTHS) 


(6 MONTHS*) 


(6 MONTHS*) 


(6 MONTHS*) 



♦one package type only, 
different package each occurance 



Figure 2. Quality Conibrmance Inspection 



Test 


Method 


Condition 


Quantity 


Life Test 


1005 


1000 hrs 
@ 125°C 


100 



The die related test of Table 1. Evaluates the wafer 
fabrication process, the design rules, and die to 
package material interface reliability. 

Table 1. 



lest 


Method 


Condition 


Quantity 


Resistance 
to Solvents 


2015 




4 


Bond Strength 


2011 




15 


Solderability 


2003 


245°C 


15 



Table 2 inspects hermetic package related parameter: 
for quality conformance. 

Table 2. 
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Test 


Method 


Condition 


Quantity 


Physical 
Dimensions 


2016 




15 


Thermal Shock 

Temp. Cycle 

Moist Resistance 

Seal 

Visual 

Electrical 


1011 
1010 
1004 
1014 


B, 15 cycles 
Q 100 cycles 


15 


Lead Integrity 
Seal 


2004 
1014 


B2 


15 


Internal H2O 
Vapor 


1018 


5000 PPM max 


3 



Test 


Method 


Condition 


Quantity 


Adhesion of 
Lead Finish 


2025 




15 


Mech Shock 

Vibration 

Acceleration 

Seal 

Visual 

Electrical 


2002 
2007 
2001 
1014 


B 
A 
E 


15 


Salt 
Seal 
Visual 


1009 
1014 


A 


15 


Lid Torque 


2024 




45 



Table 3 evaluates hermetic packages for integrity and reliability. 

Table 3. 



Test 


Method 


Condition 


Quantity 


Physical 
Dimensions 


2016 




15 


Resistance to 
Solvents 


2015 




4 


External Visual 


QAP 
34001 




15 


Thermal Shock 


1011 


-65°C to +150°C 
100 cycles 


45 


Temperature 
Cycle 


1010 


-55°C to +125°C 
1000 cycles 


45 



Test 


Method 


Condition 


Quan 


HAST 




130°C, 85% RH 
50 hrs, Biased 


45 


Solderability 


2003 




3 


Resistance to 
Soldering Heat 


QAP 
36002 


260°C 


15 


Autoclave 


QAP 
36004 


121 °C, 2 Atm 
168 hrs 


45 


High 

Temperature 
OP Life 


QAP 
36005 


125°C 
1000 hrs 


77 



Note: All methods in Tables 1 through 4 are from MIL-STD-883. All QAPs are Micro Linear procedures. 



Table 4 evaluates molded packages for integrity and 
reliability. Micro Linear uses HAST (Highly Accelerated 
Stress Test) at 130°C and 85% RH for 50 hours instead 
of the conventional 85°C and 85% RH test for 1000 



hours. The HAST procedure evaluates the effect of 
moisture as it penetrates the molding material and 
reaches the die while voltage biased. 



Table 4. 
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Process Control/Quality Conformance 

Reliability evaluations provide a snapshot of the product 
at a particular point in time. Process control is 
necessary to insure the picture obtained is accurate. 
Process control provides consistency and hence, 
predictability. 

Defect-free material is a pre-requisite to shipping cost- 
effective products which conform to specified 
requirements. The system for doing this is shown in 
Figure 3. The focal point to this system is the Vendor 
Qualification Board comprised of representatives from 
Manufacturing Engineering, Quality, Reliability, and 
Purchasing. In addition, a Corrective Action Committee 
with representatives from the above disciplines meets 
weekly to evaluate all discrepant material reports. These 
reports are the result of any non-conformance both 
internal and external (vendors) to Micro Linear. 

Because of the extreme sensitivity of wafer fabrication 
on product reliability, special care is taken to evaluate 
wafer process control. This is shown in Figure 4. 

Wafer Fab Process Control 
MASKING 

• Resist Thickness-Control Chart 

• CD Calibration 

• Exposure-Control Chart 

— Intensity 

— Time 

GlASSIVATION/lNSULATOR 

• Uniformity-Control Chart 

• Thickness-Control Chart 

• Phosphorus Content-Trend Chart 

• Defect Count-Control Chart 



ENVIRONMENT 

• Air Temperature Control Chart 

• Air Flow Control Chart 

• Air Humidity Control Chart 

• Water Bacteria Control Chart 

• Water Resistivity Monitored 

• Water Solids 

• Organic Impurities in Water 

• Chlorine Content of Water 

METAL DEPOSITION 

• Thickness-Control Chart 

• CV Plots 

• SEM Inspection 

Each assembly location is also required to monitor and 
maintain control of operations as shown below. 

Assembly Process Control 

Micro Linear is certified to MIL-Q-9858 and MIL-l-45208, 
and is product compliant with all the requirements of 
MIL-STD-883C. 

• Dl water > 10MQ 

• Two internal visual inspections 

• Die shear monitor 

• Wire bond monitor 

• Air monitors (temperature, humidity, particles) 

• Marking permanency test 

• External visual inspection 

• Plating monitor 

• Raw material evaluation 

• CERDIP sealing environment 
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MMHRJAl 
SPeOFICATION 
- SAMPtI I^IAN 
-- REQUIREMINTS 




PURCHASING PROCEDURE 






;.i. yilt !i .| iil j . y i lwjWl|^ ^' ,k i jy i «aui iiil ^y 



PURCHASING 
AUDIT 









t\t^ 


£^i(^!!3^ 


|\~'\ 5'>''' 


-tr^^ 


^m 


i^^t^-^'X'': 


' /i-* ; c' 


-''I' i' >. 





MFC 
AUDIT 



'^m. 










CNG 



\<^^i^mf 



Figure 3. Vendor Control System 
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PURCHASING 

ENGINEERING 

QUALITY 



VISUAL 
INSPECTION ~ 
FILM 
MEASUREMENTS 



VENDOR 
QUALIFICATION 



VENDOR 

QUALIFICATION 

BOARD 

APPROVAL 



RECEIVING 
INSPECTION 



AUDITS 
SEMI-ANNUALLY 



WAFER SORT 
YIELD ANALYSIS 



-RECEIVING INSPECTION 
-MATERIAL EVALUATION 
- RELIABILITY EVALUATION 



ELECTRICAL MEASUREMENTS 

MIL-STD-414 

(SAMPLING BY VARIABLES) 



LOT SUMMARY DATA 
(FROM WAFER FAB) 



FEEDBACK 
TO WAFER FAB 



STATISTICAL 
ANALYSIS 



SRP 
SEMI-ANNUALLY 



LIFE TEST 
EACH 6 MOS 



Figure 4. Process Control System 
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LOT REJECTED 



INCOMING 
" MATERIAL 
IN-PROCESS 



DISCREPANT 
MATERIAL 
REPORT 



CUSTOMER 
RETURNS 



CORRECTIVE 

ACTION 
COMMITTEE 



MATERIAL 
REVIEW 
BOARD 



PURCHASING 
PRODUCTION CONTROL 
MANUFACTURING ENG 
QUALITY 



DISPOSITION 
OF MATERIAL 



PURCHASING 
PRODUCTION CONTROL 
MANUFACTURING ENG 
PRODUCT ENGINEERING 
RELIABILITY 
QUALITY 



DEHNE 
PROBLEM 



ASSIGN 
ACTIONS 



. IMPLEMENT 
SOLUTION 



Figure 5. Corrective Action Program 
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APPENDIX A. Failure Rate Calculations 



In order to predict the rate at which product will fail, it 
is necessary to accelerate the life of the product. This is 
most commonly done by a temperature and/or voltage 
stress, a process known as burn-in. The equation for 
both stresses is exponential, hence large acceleration 
factors can be achieved. In our studies, only 
temperature was used in the acceleration equation; the 
devices were biased at nominal voltages. The equation 
is shown below. It is known as the Arrhenlus Reaction 
Rate Equation, named for the man who modeled the 
relationship between temperature and the chemical 
reaction property of materials. 

Arrhenius Reaction Rate Equation 

rEa / 1 1 n 
Af = Exp — — - — 
^k ^T1 T2'J 

Af: Acceleration Factor 
Ea: Activation Energy (in electron volts) 
K: Boltzmanns Constant (8.67 x IQ-S) 
T1: Temperature of System Operation (°K) 
T2: Temperature of Life Test (°K) 

Burn-in when run for 1000 hours, is called "life test". 
Interim readouts normally occur at 160 and 500 hours. 
The hypothesis is that a "bathtub curve" will result. This 
curve, shown below, illustrates a device's failure rate 
versus time. Certain manufacturing defects have a 
tendency to cause failures early in the life of a device 
(infant mortality). The failure rate associated with these 
defects can be accelerated by applying stresses, such as 
temperature and voltage, which do not appreciably 
affect the normal failure rates or wear out mechanisms. 

Bathtub Curve 



-INFANT MORTAUTY 



WEAROUT- 
CONSTANT FAILURE RATE 



Activation Energies 

In order to calculate the acceleration factor, the 
activation energies for various failure modes 
encountered in the semiconductor industry are 
required. Initially, failure modes are assumed based on 
industry experience. As failures occur, they are 
rigorously analyzed and the failure modes then used to 
determine which activation energies are appropriate for 
determining failure rates. The following table describes 
the most common failure modes and their activation 
energies. 

Table 1. 



Failure Mechanism 


Ea 


Stress 


Oxide Defects 


0.3 eV 


High Voltage Op Life 


Contamination 


1.0 eV 


High Voltage Bias 


Silicon Defects 


0.5 eV 


High Voltage 


Metal Line 
Electromlgration 


0.5 eV 


High Voltage Op Life 


Contact 
Electromigration 


0.9 eV 


High Voltage Op Life 


Masking Defects 
Assembly Defects 


0.5 eV 


Hi Temp. Storage 
Op Life 


Microcracks 


N/A 


Temperature Cycling 


Short Channel 
Charge Trapping 


-.06 eV 


Low Voltage 
Hi Vol Op Life 



Acceleration Factors 

Once the activating energy is determined for a given 
failure mechanism, the acceleration factor can be 
calculated using the Arrhenlus equation. The following 
table lists some of the common activation engergies 
and its associated acceleration factors between different 
ambient temperature. 

Table 2. 



Est. T, 
Accelerated 
Temperature 


Estimated T,, 
Typical Application Temperatures 


Activation 
Energy 

(eV) 


25*'C 


40°C 


55°C 


JO'^C 


125*>C 
150°C 


132 
313 


52 
123 


22 
53 


10 

24 


0.5 


125°C 
150°C 


1522 
5530 


376 
1367 


106 
384 


33 
121 


0.75 


125°C 
150°C 


6587 
30994 


1231 
5793 


268 
1262 


67 
314 


0.9 
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Failure Rates 

At Micro Linear, failure rate are generally stated at 60% 
confidence level using Chi square statistic per the 
following formula. 

Xla [width df = 2(xH)] 

-^max ~ 

2t 

where: 

^max ~ maximum failure rate 

X^ = chi square distribution 

Y = number of failures 

df = degree of freedom 

t = total number of test hours 

a = statistical error expected in estimate. 

For 60% confidence level, a = 0.4 or 1-a = 0.6 

Selected values of Chi Square distribution are listed in 
Table 3. 



Table 3. Percentiles of the Chi Square Distribution. 
(Values of chi^ corresponding to certain selected probabilities) 







60% Confidence 


90% Confidence 






Level 


Level 


Probability in 


% 


60.0 


90.0 


1 -a 


0.60 


0.90 


df 


Total Failures 


0.708 


2.71 


1 




2 





1.830 


4.61 


3 




2.950 


6.25 


4 


1 


4.040 


778 


5 




5.130 


9.24 


6 


2 


6.210 


10.60 


7 




7280 


12.00 


8 


3 


8.350 


13.40 


9 




9.410 


1470 


10 


4 


10.500 


16.00 


11 




11.500 


1730 


12 


5 


12.600 


18.50 


13 




13.600 


19.80 


14 


6 


14.700 


21.10 


15 




15.700 


22.30 


16 


7 


16.800 


23.50 


17 




17800 


24.80 


18 


8 


18.900 


26.00 


19 




19.900 


2720 


20 


9 


21.000 


28.40 



Failure rate may be expressed a number of ways. Table 
4 compares various ways of expressing failure rates. 



Table 4. Failure Rates 



NO. OF FAILURES 
PER DEVICE HOURS 


FAILURE RATE 


% PER 
1000 HOURS 


PPM 
(HOURS) 


FITS 


MTBF 
(HOURS) 


1/1 X 109 


aooooooooi 


0.0001 


0.001 


1 


1 X 109 


1/1 X 108 


aoooooooi 


0.001 


0.01 


10 


1 X 108 


1/1 X 107 


aooooooi 


0.01 


0.1 


100 


1 X 107 


1/1 X 106 


0.000001 


0.1 


1 


1000 


1 X 106 


1/1 X 105 


aooooi 


1 


10 


10000 


1 X 105 


1/1 X 104 


aoooi 


10 


100 


100000 


1 X 104 


1/1 X 103 


0001 


100 


1000 


1000000 


1 X 103 
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APPENDIX B. Radiation Hardness of 12V Bipolar Process 



The Micro Linear 12V bipolar process has demonstrated 
selective hardness to radiation exposure. The 
components most commonly used in the 12V process 
which are described in table 1, were exposed up to 



10^ Rads total dose ionizing radiation. A second group 
of the same components were exposed to non-ionizing 
radiation of up to 10^"^ fluence neutrons/sq cm. Neither 
group was exposed to both types of radiation. 



DESCRIPTION 


BIAS 

DURING 

IRRADIATION 


POST 

IRRADIATION 

MEASUREMENTS 


FIGURES 


Minimum Geometry NPN 


VcES = +5V 


Ahfe 


X 4 


Lateral Quad Collector PNP 


VcES = -5V 


Ahfe 


2, 5 


Vertical PNP 


VcES = -5V 


Ahfe 


3, 6 


45Q N+ Resistor 


No bias 


AR 


3, 6 


850Q P+ Resistor 


No bias 


AR 


3,6 


10KQ Implanted P Resistor 


No bias 


AR 


3, 6 


lOpF Capacitor 


No bias 


AIl 


3,6 



Table 1. Components 



Figures 1 through 3 show the results of the ionizing 
radiation tests. Figures 4 through 6 show the results of 
the non-ionizing radiation tests. 

* The resistors and capacitors were not significantly altered by 
exposure to these radiation levels. They are not included in the 
figures. 



Summary 

The hfe of the NPN transistors degrade by 
approximately 50% at 10^ Rads and 80% at 10^ Rads. 
The PNPs degrade more severely by approximately 
80% at 10^ Rads and reach unity at 10^ Rads. 
Degradation vs. neutron fluence is similar but less 
severe. 

Micro Linear circuits, exclusively using NPN devices 
and passive components, can be designed to perform 
in a high radiation environment. 



General Purpose NPN Transistor 




General Purpose Lateral PNP Transistor 



Ice = 1 mA 
Ice = lOOnA 
Ice = lOnA 
Ice = 1|iA 



Total Ionizing Dose rad (Si) 

Figure 1. 




Ice = 100|iA 
lce= lOnA 
ice = 1|iA 



Total Ionizing Dose rad (Si) 

Figure 2. 
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Substrate PNP IVansistor 




General Purpose Lateral PNP IVanslstor 



10^ 10^ 

Total Ionizing Dose rad (Si) 

Figure 3. 



Ice = 1 mA 
Ice = 1 0OpA 
lce = lO^A 
.Ice = 1|aA 




Fluence Neutrons/sq cm 

Figure 4. 



General Purpose NPN Transistor 



Substrate PNP Transistor 




Fluence Neutrons/sq cm 

Figure 5. 
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Military Product Flow 



A specification to establish the general test methods and procedures for purchase of integrated circuits 
to military quality and reliability assurance requirements. 



Micro Linear is committed to supplying the military 
marketplace with service, as well as, quality and 
reliable components second to none. The Micro Linear 
/M8 program is designed to provide off-the-shelf high 
integration linear integrated circuits with extended 
screening and testing utilizing the methods of MIL- 
STD-883C, Class B as its reference documentation. 

The Quality and Reliability Assurance program at Micro 
Linear Corporation is a wide ranging program involving 
engineering and manufacturing designed to produce 
the highest quality linear integrated circuits available. 

Wafer Inspection 

Emphasis is placed on statistical analysis, electrical 
measurements on specially designed Process Control 
Monitors in accordance with MIL-STD-414 (sampling by 
variables), visual inspection, and film measurements. 
Potential reliability hazards are investigated and 
detected early by utilizing diagnostic and device 
structures on each wafer and periodic SEM analysis. 

Assembly Inspection 

Comprehensive receiving inspection for all materials 
and piece-parts is performed in accordance with the 
strictest quality assurance procedures. To assure 
conformance and control to specifications, 
documented quality control checks and monitors are 
performed on-line. 

Testing 

Micro Linear has invested in the latest "state-of-the-art" 
analog testers to achieve the most complete and 
thorough parametric testing of integrated circuits in 
the industry. Data sheets provide the customer a 
precise listing of parameters which are 100% tested. 
The calibration system is in compliance with 
MIL-STD-45662. 

Traceability 

For complete traceability to the wafer fab and 
assembly lot, a mark is placed on all units giving 
information on a unit-by-unit basis. 

Micro Linear considers traceability to be essential for 
good engineering control and additional insurance for 
its customers. The information provided exceeds the 
seal week control required by MIL-M-38510. 



ESD (Electro Static Discharge) 

Products are fully characterized to MIL-STD-883C, 
Method 3015 and strict controls on handling and 
packaging are observed. A full ESD program, from 
design through manufacturing, incorporates training of 
all employees who handle Micro Linear products. 

Major Change Control 

Major change controls are in place to notify customers 
in accordance with MIL-M-38510. Micro Linear reviews 
all process, product, and package changes. All changes 
with possible impact are submitted for a re- 
qualification, which may include electrical, mechanical, 
and/or thermal characterization. Reliability 
requaliflcation is performed if applicable. 

Quality Assurance 

Process monitors and gate inspections insure that all 
devices are properly tested and that the required 
sample tests are performed prior to shipment. 
Inspection records and reports concerning monitors 
and inspection data are utilized to status the quality 
level of products going through final test operations. 
Statistical sampling plans ensure the quality of the 
product. 

Micro Linear welcomes OEM quality system surveys. 
Micro Linear is qualified by a number of customers to 
MIL-Q-9858A and MIL-1-45208 for military programs. 

Failure Analysis and Reporting of 
Customer Returns 

A formal program exists to record, analyze and take 
appropriate corrective action on all returns. A 
Corrective Action Committee reviews on a weekly 
basis all discrepancies and assigns responsibility to 
implement solutions or improvements. A report is 
generated and sent to the customer stating our 
findings and action. 
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/M8 Product Screening Flow 

Micro Linear's standard extended screening process 
outlined below utilizes the methods of MiL-STD-883Q 
Class B as it's reference documentation. 



Despite lower cost and faster delivery of the following 
standard /M8 flow, there are cases where a custom or 
special flow is required. Micro Linear is ready to discMss 
and accomodate custom flows to meet design or other 
mandatory requirements. 





OPERATION 


CONDITION 


1 


100% Internal Vrsud 


Method 2010, Condition 8 


2 


100% Temperature Cycling 


Method 1010, Condition C 


3 


100% Constant Acceleration, 
Y1 Orientation Only 


Method 2001, Condition E 


4 


100% Seal Fine Leak 


Method 1014, Condition A 


5 


100% Seal Gross Leak 


Method 1014, Condition C 


6 


100% Pre Burn-In Electrical, 25°C 


Data Sheet, 100% Noted Parameters 


7 


100% Burn-In, 160 Hm at 125X 


Method 1015 ^ 


8 


100% Post Burn-In Electrical, 25''C 


Data Sheet, Parameters Noted 100% Tested 


9 


Percent Defective Allowable Calculation 


PDA - 5% 


10 


100% Final Electrical Test, 
-55°C and +125°C 


Data Sheet Parameters Noted 100% Tested 


11 


QA Sample 116/0 Electrical Test, 

~B^t, -^IS^Q and +125<'C 


Group A, Subgroups % 2, 3, 4, 5, 6, Z 8, 9, 10, 11 
Data Sheet Parameters Noted 100% Tested 


12 

A 
B 

C 


Quality Conformance Inspection 
Test Sample Selection 


Method 5005.11 Group B 


Resistance to Solvents 


Method 2015 


Solderability, Soldering Temperature 
of 245 ± 5°C 


Method 2022 or 2003 


Bond Strength, Ultrasonic 


Method 2011, Condition C or D 


13 


Sample LTPD = 2, C = 1 Seal Fine Leak 


Method 1014, Condition A 


14 


Sample LTPD ^ 2, C « 1 Seal Cross Leak 


Method 1014, Condition C 


15 


100% External Visual 


Method 2009 


SHIP 
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/M8 Manufacturing Flow 

Screening to the /M8 flow is part of the manufacturing 
flow shown below. The numbered steps correspond to 
the operations of the /M8 product screening flow. 



OPERATION 



CONDITIONS 



Receiving 
Inspection 




Wafer Fabricated 

Receiving Inspection 
Wafer Sort 
Wafer Saw 



Appropriate FAB 
Specification 

QAP 31003 



DI Water > 10 MQ 




Al. Wire 



Receiving 
Inspection 



Second Optical Inspection Method 2010, Condition B 
Second Optical Q.C. 7% LTPD, ACC = 1 

Frame Attach (CERDIP only) 
Die Attach 
"^^^P^ Die Shear Monitor 2 Samples/Lot or Once/Hour 





OPERATION KEY 

incoming material 
production 



production or 
quality monitors 

quality inspection 



Wire Bond 

Wire Bond Monitor 
Third Optical Inspection 
Third Optical Q.C. 
Seal 
Mark 

Stabilization Bake 
Temperature Cycling 
Centrifuge 
Fine Leak 
Gross Leak 



Ultrasonic Aluminum 

2 units/Machine 

3 grams Minimum 



7% LTPD, ACC = 1 



(Note 1) 



%, Micro Linear 



9-3 



/M8 Military Product Flow 



/M8 Manufacturing Flow (Continued) 



OPERATION 



CONDITIONS 



l^y^ Marking Permanency 

< >/^ Lead TVim 

s.^ y)^ Visual Inspection 

liHP^ Quality Monitor 

v>/^ Pack and Ship 

^sjr Receiving Inspection 

^y^ Electrical Tbst 

-3/^ Burn-in 

^^y^ Electrical Test 

v^/^ PDA Calculation 



IQkx Electrical Tfest, 

>^ Min. and Max. Temperature 

I^IP^ Q.A. Sample 

iiWiy Quality Conformance 

^i^ Inspection 



Q.A. Fine Leak Sample 
Q.A. Gross Leak Sample 
External Visual 
Finished Goods 
Shipping Inspection 
SHIP 



7% LTPD, ACC = 1 



PUR 34001 (Note 2) 



QAP 35030 




OPERATION KEY 

incoming material 

production 

production or 
quality monitors 

quality inspection 



Note 1: Marking of product screened to /M8 test methods and procedures is as follows: 

Micro Linear prefix or for second source devices 
prefix is the same as original source 

Four digit product part number 

Number or letter indicates electrical grade of part 

Tfemperature range (Example: "M" — 55°C to +125°C) 

Package type (Example: "J" Hermetic Ceramic DIP) 

Indicates /M8 processing 



^MLXIXIi;iX/M8 



Four digit date code 

Note 2: Country of origin may be United States, Korea, Hong Kong or Thailand. 
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/M8 Product Qualification 

Generic data can be provided for the following 
qualification conditions or methods. 



Actual qualification on a given lot can be performed on 
a customer lot basis. Contact your Micro Linear sales 
representative for any additional price adder and 
delivery information. 



Group C Die- Related Tests 



Test 



Condition 



Quantity/Accept No. 



1. Steady-State Life (Burn-In 
Circuit Available Upon 
Request) 

End Point Life 
Test Electricals 25°C 



Method 1005 

1000 Hr at 125°C or equivalent 

Data Sheet, 

100% Noted Parameters 



LTPD 5 



1. Physical Dimensions 



Group D Package-Related Tests 

Method 2016 



a. Lead Integrity 


Method 2004 


b. Seal 
Fine 
Gross 


Method 1014 
Condition A 
Condition C 


a. Thermal Shock 


Method 1011 
Test Condition B 
15 Cycles 


b. Temperature Cycling 


Method 1010 
Test Condition C 
100 Cycles 


c. Moisture Resistance 


Method 1004 


d. Seal 
Fine 
Gross 


Method 1014 
Condition A 
Condition C 


e. Visual Examination 


Method 1004 
Method 1010 


f. End Point 
Electricals 25°C 


Data Sheet 

100% Noted Parameters 


a. Mechanical Shock 


Method 2002 
Condition B 


b. Vibration, Variable 
Frequency 


Method 2007 
Condition A 


c. Constant Acceleration 


Method 2001 
Condition E 
Y1 Orientation 


d. Seal 
Fine 
Gross 


Method 1014 
Condition A 
Condition C 


e. Visual Examination 




f. End Point Electricals 25°C 


Data Sheet 

100% Note Parameters 



LTPD 15 
LTPD 15 



LTPD 15 



LTPD 15 
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REFERENCES 

Government documents and specifications. 

FED-STD-2090 Clean Room and Work Station Requirements, 

Controlled Environment. 

MIL-M-38510 Micro Circuits, General Specification for. 

MIL-Q-9858 Quality Program Requirements. 

MIL-STD-414 Sampling Procedures and Tables for Inspection by 

Variables for Percent Defective. 

MIL-STD-883 Test Methods and Procedures for Microelectronics. 

MIL-STD-11331 Parameter to be Controlled for the Specification of 

Microcircuits. 

MIL-STD-45662 Calibration Systems Requirements. 



ORDERING INFORMATION 

Product processed to the /M8 flow is ordered by adding /M8 to the standard product part number. 
Example: 

ML2111 BMJ/M8 

SCREENING 



STANDARD PRODUCT PART NUMBER 

All /M8 product are shipped with a certificate of conformance. Information with regard to non-standard electrical testing or 
preconditioning, and wafer traceability may be obtained by contacting your Micro Linear sales representative. 
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Application Note 1 



FB3600 Digital Logic Design 



Micro LInear's Bipolar ASIC Technology allows the mixture 
of both analog and digital circuitry on an integrated 
circuit. Micro Linear has combined the advantages of TTL, 
and ECL logic on our FB3600 family of bipolar tile arrays. 
Our +5 volt version of ECL can interface to the outside 
world at standard TTL, CMOS or 10K ECL levels. It 
requires the use of only a standard +5 volt power supply. 
On-chip, gate propagation delay times as low as 2 
nanoseconds are possible. High density ECL digital 
components occupy fifty percent of Micro Linear's FB3635 
tile array. In addition, a certain amount of digital logic can 
be implemented on all of the FB3600 tile arrays. 

Traditionally, 10K ECL logic uses -5.2 volts supply. This 
additional supply is only needed for applications requiring 
an external ECL logic interface. Our FB3635 and FB3621 
tile arrays contain schottky components. These 
components are often useful for implementing high speed 
TTL & CMOS output drivers. On-chip ECL Logic requires 
a voltage reference which changes over temperature. 
Normally, on-chip voltage references are designed to be 
stable over variations in temperature. The schematic 
diagram for this circuit has been provided. 

This application note has been designed to aid a design 
engineer using a workstation with Micro Linear's analog 
ASIC design libraries. The circuits provide basic building 
blocks which can be integrated on our FB3600 family of 
tile arrays. The circuitry and discussion provided in this 
application note provide a starting point for the design 
engineer's own workstation circuit design and simulations. 

Two Input ECL NOR Gate 

One of the major advantages of ECL logic is that the 
transistors never saturate. This plus the small signal swings 
reduce the propagation delay time through the gate. The 
propagation delay can be adjusted by changing the 
current level used by the circuit. The gate propagation 
delay decreases as the operating current level increases. 

The ECL NOR gate, shown in figure 1, is designed for 
conventional +5 volt power supply operation. VCS is a 
preset bias voltage of 1.35 volts. This develops a voltage 
drop of 750m V across R2. The two ECL inputs (Input A & 
Input B) have a logic high (true) value of 4.25 volts and a 
logic low (false) value of 3.50 volts. VBB1 is a preset bias 
voltage which is about half way between the logic high 
and logic low voltages. 

Micro Linear's single +5V operation is different from 
traditional 10K ECL logic which uses a single -5.2 volt 
supply. This establishes the 10K ECL logic high level in 
between -.810 and -.%0 volts and a logic low level is in 
between -1.650 and -1.850 volts. 

The NOR gate operates on the current flow from Q4. All 
the current from Q4 will be steered through either the 
Q3 leg or the Q1/Q2 leg of the circuit. If either Input A 



Figure 1. NOR Gate 



INPUT A 

M3600A 



A 


B 


Y 


L 


L 


H 


H 


L 


L 


L 


H 


L 


H 


H 


L 




or Input B logic voltage is high, all the current will flow 
up the Q1/Q2 leg of the circuit. This occurs because 
either or both transistors (Q1, Q2) have an input voltage 
which is above Q3 input voltage. Current flowing up the 
Q1/Q2 leg will cause a 750mV voltage drop to occur 
across R1 (same resistance as R2). This also results in 
Output Y being set at 5 volts minus 750mV minus 750mV 
(Q5 base to emitter voltage drop). Thus, Output Y is set 
at a logic low level (3.05 volts). 

Both inputs need to be logic low for Output Y to have a 
logic high result (4.4 volts). In this case, the voltages on 
both Q1 and Q2 bases are less than the voltage on the 
base of Q3. This will cause all the current from Q4 to 
flow up the Q3 leg. The base of Q5 will be about 5 volts 
since the voltage drop across R1 is close to zero. 

It is important to note that R1 always equals R2 and that 
the voltage drops (typically 750m V) across the base emitter 
will change with temperature. Since all the transistors on 
this IC are about the same temperature, they and the ECL 
voltage references will all track together with temperature. 
Thus the ECL logic works well over variations in 
temperature. The absolute values of the voltages stated 
above will change slightly with temperature. The values of 
resistors R1, R2, and R3 are adjusted for the desired speed 
vs power tradeoffs. The values shown in the NOR gate 
(figure 1) are typical values. 

Figure 1 also shows an Output YY terminal. Some ECL 
logic gates need to have an extra diode voltage drop for 
its output. We will call this the "bias level B" 
output/input. The Output Y terminal does not have this 
extra diode voltage drop. Thus, we will call this the "bias 
level A" output/input. 
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Two Input ECL NAND/AND Gate 

The basic operation of this gate's differential pair and the 
two output stages is very similar to the NOR gate 
discussion, the NAND/AND gates input stage requires 
Input A to be a "bias level A" input and Input B to be a 
"bias level B" input. A "bias level A" input needs to be 
driven by a "bias level A" output. Similarly, a "bias level 
B" input needs to be driven by a "bias level B" output. 

The NAND/AND gate shown in figure 2 has two output 
sections. The NAND output uses section A output stage. 
The AND output uses section B output stage. This gate 
can have either output stages omitted. 

The NAND gate has its "bias level A" result on Output X 
and its "bias level B" output on Output XX. Similarly, the 
AND gate has its "bias level A" result on Output W and 
"bias level B" output on Output WW. 

Two Input ECL XOR Gate 

The basic operation of this gate's two differential pair and 
the output stages is very similar to the NAND/AND gate 
discussion. Figure 3 contains a circuit diagram for this 
gate. It uses one "bias level A" (Input A) input and one 
"bias level B" input (Input BB). The gates output is 
available as "bias level A" (Output W) and as "bias level 
B'' (Output WW). 

Figure 3. XOR Gate 
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Figure 2. NAND/AND Gate 
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ECL Data Latch 

The circuit diagram for a single bit ECL data latch is 
shown in figure 4. As long as the Clock Input is logic 
high, the data latch will pass the data from the Data Input 
through to the output. If the input data changes, the 
output will track the change. This is called the pass 
through mode of operation. The pass through mode will 
end as soon as the Clock Input signal changes to logic 
low. When this transition occurs, the current value of 
input data will latch. The data latch will remain fixed as 
long as the clock remains low. Should the Clock Input 
return to the high state, the data latch will return to the 
pass through mode of operation. The data latch is level 
triggered instead of edged triggered. 

Both the Clock Input and the Data Input are "bias^ level 
A" inputs. The "bias level A" out puts are Q and Q. The 
"bias level B" outputs are QQ and QQ. 

When the Clock Input is high, the current value of the 
Data Input will be present at the Q and QQ outputs. An 
inver ted v ersion of Data Input will be present at the Q 
and QQ outputs. When the Clock Input is low, the 
latched value of the previous Data Input will be present at 
the Q and QQ outputs. 

The data latch circuit contains circuitry to adjust the dock 
Input signal. The circuitry shown in section A contains a 
circuit for converting a "bias level A" logic input into two 
"bias level B'' output signals. The two output signals reflect 
the input signal and a complement of the input signal. 
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Figure 4. 




OUTPUT Q 



OUTPUT QQ 



The "bias level A" clock input signal drives the base of Ql 
Transistor Ql and Q2 form a different pair. The base of Q2 
is driven by a reference voltage which is midway between 
logic high and logic low. When the Ql input signal is 
high, the current will flow only through the Ql leg of the 
differential pair. This will cause the collector of Ql to have 
a voltage of about 4.25 volts and the collector of Q2 to 
have a voltage of about 5 volts. Substantial current will 
now flow through Q3. Thus, a "bias level A" logic low is 
present at the emitter of Q3. The diode In series with Q3 
emitter shifts the output voltage to a "bias level B" output. 
This "bias level B" output will have a logic low value. Note 
that the Q3 outputs represent the complement of the 
Clock input signal. Thus, a low Clock Input signal will 
result in a logic high output at the emitter of Q3. 

A buffered version of the Clock Input signal is provided. 
This output will have the same logic level as the Clock 
Input signal. A "bias level A" version of the Clock Input 
signal is available at the emitter of Q4. The diode in series 
with Q4 emitter shifts the output voltage to a "bias level 
B" output. 

The buffered Clock Input signal and its buffered 
complement will drive the bases of Q5 and Q6, 
respectively. When the data latch is in the data pass 
through mode (Clock Input high), transistor Q5 is turned 
on and transistor Q6 is turned off. If the Data Input is 
logic high, all of the current in the differential pair (Q7 & 
Q8) will flow in the Q7 leg. The current flow through the 



resistor in the Q7 leg will produce a 750mV drop. This sets 
the collector of Q7 at 4.25 volts. This will cause Q11 
emitter to b e at "bias level A" logic low (output Q). 
Output QQ will be "bias level B" logic low. The lack of 
current flow in the Q8 leg will cause the collector of Q8 
to be at about 5 volts. This will cause the emitter of Q12 
to be logic high ("bias level A"). Output QQ will be at 
"bias level B" logic high. 

When the Data Input is logic low, then all of the current 
will flow through the Q8 leg. Trans istor Q11 emitter will 
now be at logic high. Output QQ will be at "bias level B" 
logic high. Transistor Q12 emitter will now be at logic low 
and the output QQ will be at logic low. 

The data latch will store the current state of the output 
when the Clock Input signal changes to logic low. This will 
cause transistor Q5 to turn off and transistor Q6 to turn 
on. The base of Q9 gets Its input from_output Q. The base 
of Q10 gets it's input from the output Q. Since it takes a 
few nanoseconds for Q11 and Q12 to change state after 
the input data changes, the data latch Is now getting its 
input data from the previous output data. This feedback 
loop causes the data latches output to remain fixed. 

The data latch also contains a CLEAR input. This input 
should normally be logic low ("bias level B"). A logic high 
will reset the data latch to logic low. As long as the CLEAR 
input is logic high, the data latch will remain reset. 
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One Bit ECL Register or Flip Flop 

The circuit shown in figure 5 can be used as a single bit 
positive edge triggered register or as a flip flop. We shall 
first review its operation as a one bit register. This circuit 
latches the Input Data upon the Clock Input changing 
from logic low to logic high. The data will remain latched 
until the next time the Clock Input changes from logic 
low to logic high. Similar to the data latch circuit, the 
Clock Input and Data Input signal are both "bias level A" 
inputs. The register has four outputs. Th£ outputs are 
available in both ''bias level A" (Q and Q) and "bias level 
B" (QQ and QQ). The register's s tored value (Q and QQ) 
and its complement value (Q and QQ) are also provided. 

This circuit is simply two data latches in series. Both data 
latches use a common clock. When one latch is in the 
data pass through mode, the other latch is latched. When 
the Clock Input signal is high, data latch A is latched and 
data latch B is in the pass through mode. When the Clock 
Input signal is low, data latch A is in the data pass through 
mode and data latch B is latched. If the Clock Input signal 



changes from low to high, latch A will latch its current 
input data and data latch B will pass data latch A output 
values directly to its output. This can change the data 
register's output. If the Clock Input signal changes from 
high to low, the output data will not change since latch B 
will latch itself using data provided by latch A previous 
outputs. Note that a flip flop can be implemented by 
connecting the register's Q output to the register's Data 
Input. 

The register also contains a CLEAR input. This input should 
normally be logic low ("bias level B"). A logic high will 
reset the register to logic low. As long as the CLEAR input 
is logic high, the register will remain reset. 

The Clock Input circuit has two "bias level B" outputs 
(point A and B). If these output connections are switched, 
the register will latch upon a logic high to low transition. 
This will cause it to be in pass through mode whenever 
the Clock Input is low. The data register will latch its data 
whenever the Clock Input is high. 



Figure 5. Register or Flip Flop 
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TTL and CMOS Input Interface Circuit 

This circuit, shown in figure 6, converts a TTL or CMOS 
logic level input into an on-chip ECL level input. Output Y 
is a "bias level A" version of Input A. Output YY is a "bias 
level B" version of Input A. Transistors Q1 and Q2 forms a 
differential pair. The string of three diodes (D1, D2, and 
D3) sets the base of transistor Q2 at 2.25 volts. Given a 
high TTL/CMOS logic level drive at Input A, resistor R1 
will bias the base of Q1 to be above the base Q2. This will 
cause all of the current to flow through the Q1 leg of the 
differential pair. Since the voltage drop across R2 will be 
about zero, the base of Q4 will be at 5 volts. The emitter 
of Q4 will be "bias level A" logic high. A "bias level B'' 
version of this output will be produced at Output YY. 

When Input A is driven by a TTL/CMOS low logic level, 
the base of Q1 will be biased below the base of Q2. Now 
all of the current will flow through the Q2 leg of the 
differential pair. The current flow will causes a 750mV 
voltage drop to occur across R2. The emitter of Q4 
(Output Y) is now set at a "bias level A" logic low. Diode 
D5 produces a "bias level B" version of this output. 

Voltage Reference for FB3600 ECL Logic 

The circuit shown In figure 8 supplies the necessary 
reference voltages for our ECL logic. It has been designed 
to vary the output voltage with temperature. This block 
has been designed by Mirco LInear's engineering 
department as a standard function block to be included 
on all ECL logic designs. 

Figure 8. 



Figure 6. input interface 
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On-chip ECL to TTL or CMOS Output Interface 

The circuit shown in figure 7 tai<es an on-chip "bias level 
A'' ECL input and produces a TTL/CMOS compatible 
output. If the input is logic high (true) then the output 
will be logic high (true). The circuit simply buffers and 
shifts the logic voltage level from on-chip ECL voltage 
levels to TTL/CMOS voltage levels. 

Section A contains circuitry similar to the CLOCK input for 
the data latch circuit. It converts the input into two signals 
(buffered version and a complement buffered version). If 
the input is driven by a high logic level, Q1 will be turned 
on and Q2 will be turned off. This causes the base of Q3 
to be 4.25 volts and the base of Q4 to be 5 volts. 
Transistors Q3 and Q4 drives the bases of Q5 and Q6 
respectively. Since the base voltage of Q4 is greater than 
the base voltage of Q3, the base voltage of Q6 will be 
greater than the base voltage of Q5. This will cause all of 
the current in the Q5 & Q6 differential pair to flow in the 
Q6 leg. If Input A is driven by a logic low level, all of the 
current in the Q5 & Q6 differential pair will flow in the 
Q5 leg. 

The collector of Q6 drives the final output circuitry in 
section B. When Input A is at logic high, the collector of 
Q6 will be at .9 volts. The voltage drop across the base 
and emitter (.75 volts) of Q7 and Q8 will result in the 
bases of Q11 and Q12 being driven by less than .2 volts. 
Transistors Q11 and Q12 will be switched off. Since Q11 is 
off, the base of Q13 will be close to 5 volts. This turns Q13 
on and results in a voltage of about 4.2 volts at the 
Output. 

If Input A is at logic low, the collector of Q6 will be at 1.5 
volts. The voltage drop across the base and emitter of Q7 
and Q8 will result in the bases of Q11 and Q12 being 
driven by about ,9 volts. This will turn on Q11 and Q12. 
With Q11 turned on, Q13 will be turned off and Q12 will 
be switched on. The output voltage will be about .75 volts. 

We have just reviewed how section A circuitry drives the 
differential pair of Q5 & Q6. We have also reviewed how 
the collector of Q6 drives the output drive circuitry 
contained in section B. Next, we will examine how the Q5 
& Q6 differential pair have been biased. 

Section D contains a circuit known as a base emitter 
voltage multiplier. The voltage at the collector of Q15 will 
be determined by the following equation. 

Voltage at collector of Q15 = [1 + (R1/R2)] x .75 



The value of R1 and R2 is 10KQ and 4KQ respectively. The 
.75 represents the typical voltage drop across a transistors 
base to emitter. This sets voltage at the collector of Q15 at 
2.6 volts. The voltage drop across the base and emitter of 
Q14 will set the collector voltage of Q5 at 2.6 - .75 = 1.85 
volts. 

When all of the current flows in the Q5 leg of the 
differential pair (Q5 & Q6), jthere will not be a voltage 
drop across the circuitry in section E (no current flow). 
The collector of Q6 is now set at 1.85 volts. If all of the 
current flows in the Q6 leg of the differential pair, there 
will be a .75 voltage drop across the diode. This sets the 
collector of Q6 at 1.1 volts. 

The circuitry in section F provides a bias current for a 
current mirror. Resistor R3 value was chosen for a .5mA 
current flow with a 4.4 voltage drop across it. This input 
bias current generates the base to emitter voltage for Q16 
which drives the bases of Q17, Q18, Q9 and Q10. Each of 
these transistors will sink .5mA. 

Transistors Q19, Q21 and Q20 also form a current mirror. 
Transistor Q20 and its 8K emitter resistor have been added 
for stability. The purpose of the current mirror is to keep 
the curent flowing through Q3 and Q4 approximately 
equal. 

Transistors Q11 and Q12 are schottky clamped transistors. 
They consist of a hpn transistor with a schottky diode 
connected between the base and the collector. The 
function of this diode is to limit the current flowing into 
the base. This prevents the transistor from saturating. The 
schottky diode sends the excess base current into the 
collector. This limits the voltage drop across the collector 
and the emitter to about 200mV. The typical base emitter 
voltage drop is .75 volts. These devices can be replaced 
with regular npn transistors if the logic's switching rates are 
low (a few MHz). Saturated transistors have much slower 
switching times than non saturated transistors. 

Voltage Reference for FB3600 ECL Logic 

The circuit shown in figure 8 supplies the necessary 
reference voltages for our ECL logic. It has been designed 
to vary the output voltage with temperature. This block 
has been designed by Mirco Linear's engineering 
department as a standard function block to be included 
on all ECL logic designs. 
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Figure 7. Output Interface 
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Trimmirig Analog Bipolar Arrays 



High performance analog integrated circuits are becoming 
a necessity in the design of state of the art analog/digital 
systems. With standard analog IC's this requires the 
designer to specify premium performance parts. These 
same premium performance circuit functions are not 
typically available in semicustom arrays. By utilizing 
trimming techniques, though, improved performance can 
still be obtained. Trimming analog bipolar arrays is a very 
viable, cost effective approach for improving the key 
parameters of a circuit. 

If tighter specifications are required than can be obtained 
using good design techniques the circuit may be trimmed 
at the wafer level by a technique of selectively shorting 
zener diodes. This is known commonly as zener zapping. 
This technique can be used to trim the input offset 
voltage of an op amp or the output voltage of a precision 
reference. For example, the offset voltage of our 
MLC350"' operational amplifier can be trimmed from a 
maximum of 7mV to less than ImV. The MLC340 voltage 
reference can be trimmed to an accuracy of better than 
1%. Many types of parameters may be trimmed within the 
limitations of the technique as described below. 

Although there are other ways in which a bipolar 
integrated circuit may be trimmed, zener zapping has 
become well established because it does not require extra 
processing steps and can be implemented at the wafer 
level. Unlike laser trimming, the technique is not limited 
to altering a resistive element, and does not require a 
large capital investment. Fusible links, another well- 
established method, requires currents in the ampere 
range in order to blow the standard 1 micron thick 
aluminum, resulting in a questionable blown connection. 
A thinner link would require additional wafer processing 
steps. 

The Zener Zapping Technique 

This process is called zener zapping because the emitter- 
base diode of a bipolar transistor is permanently shorted 
by passing a relatively large current through it while in 
the reverse breakdown avalanche mode. It produces a 
reliable 1-10 ohm link between the emitter and base pads. 
(See Fig. 1) This Is a very reliable connection because of 
the double short which actually occurs. The first short is 
caused by the destruction of the pn junction. In addition, 
the presence of a large electric field during thermal 
runaway causes metal to migrate across the silicon surface 
beneath the oxide layer, producing a second short. 

This set of events occurs when the voltage across the 
emitter-base junction Is increased beyond the 6.3V 



Figure 1. 



I / 
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iC 6.3V 



BEFORE "ZAPPrNG" 
Veb < 18V 



AFTER "ZAPPING" 

Veb > 18V 



avalanche breakdown point, to above 18V. At about 18V 
the instantaneous power dissipation exceeds 1.2W (figure 
2) and an oscillatory, thermal runaway condition occurs. In 
less than a second the junction is destroyed leaving a 1-10 
ohm short. The current required is less than 300mA, so 
remote probe pads (the bonding pads) can be used 
without damage to the pads or traces. 

Figure 2. 



6.3V if 



,=-^^=69mA 



Power Dissipation = iV = (69mA)(18V) = 1.24W 

The circuit In figure 3 illustrates a simple implementation 
of this technique to alter the total resistance of a circuit 
path. Before any of the zeners are blown the total 
resistance equals 15R, This value can be altered to equal 
any integer multiple of R from 1R to 15R by selectively 
blowing only four zeners in a binary fashion. This is 
possible due to the binary arrangement of the resistor 
values. For example, to obtain a resistance of 5R, Q2 and 
Q4 should be shorted resulting In 4R + 1R = 5R. Note that 
5 equals 0101 in binary which is represented by Q4, Q3, 
Q2, Qi with shorts being O's and opens being 1's. 
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Figure 3. 
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This type of circuit arrangement has two restrictions of 
which the designer should be aware. During normal 
operation of the circuit, the current through the resistor 
string should not be allowed to flow opposite to the 
direction indicated in the drawing. This would forward 
bias the base-emitter junction of the transistors, and 
effectively short out a resistor intended to be used. In 



addition, the forward voltage drop across each of the 
resistors should not exceed the zener breakdown voltage, 
about 6.3V. This would allow current to flow out of the 
resistor string and through the zener, altering the 
intended operation of the circuit. 

The preceding example illustrates the use of zener zapping 
to alter a resistive element in a circuit, in many cases 
modifying a current source is a more useful way of trimming 
a design. Figure 4a shows trimmable current sources used to 
reduce the input offset voltage of an op amp. 

In this example the balance of current in two circuit paths 
is altered using zener zapping. This technique is 
particularly useful for reducing the input offset voltage of 
an operational amplifier which has added emitter 
degeneration in the input stage in order to improve slew 
rate (figure 4b). The emitter resistors used in this circuit. 
Re and R7, will contribute significantly to the offset 
voltage of the input stage. By modifying the balance of 
current between 1^ and Ib the increased offset voltage 
Vqs can be compensated. In this example there are again 
4 bits of trimming resolution with the 3 least significant 
bits controlling one current path and the most significant 
bit controlling the other. With this configuration the 
balance of current can be altered in either direction. In 
other words, the current in Ti can be Increased or 
decreased relative to T2. 



Figure 4a. 
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Figure 4b. 




To increase the current through T-i relative to T2 you 
simply short Q-j, Q2, and Q3 in a binary fashion to get 
increments of I from II to 71. To increase the current 
through T2 relative to Tt you short Q4 which increase the 
current through T2 by 81. Then if you want less current, 
short Qv Q2^ and Q3 in a binary fashion to offset the 
increase in T2 by increments of i down to II. 

The source of current in the trim circuit should be of the 
same type as the circuit to be trimmed so their 
temperature coefficients will match. In this case the Vrep 
in both circuits should be the same, and resistors R2 and 
Rg should be of the same type. 



Shorting zeners is an irreversible process. Thus, it is 
important to check the results of a trim bit pattern before 
actually destroying the junctions. This is done by shorting 
the probe pads externally in the desired pattern through 
relays. In this way all combinations can be tried and the 
best results can be chosen and implemented. 

Although these two examples both use 4 bits (4 zeners) to 
trim a circuit, any number can be used to get more or 
less resolution. The designer should be aware though of 
the practical limitations of each circuit to be trimmed. 
Other error terms like temperature coefficients will 
eventually become significant, and additional trimming 
beyond this point would be fruitless. In addition, the 
more zeners you use, the more probe pads are required. 
In a full custom circuit where minimum die size is the 
ultimate goal, the additional die area required for the 
diodes, pads and trim circuitry may become significant. 
An array, however, typically has unused components 
available for the trim circuitry, and you only have to be 
concerned with the number of bonding pads available. If 
all of the pads are already being used for pinouts then a 
larger array would be required. 

These examples illustrate the usefulness and flexibility of 
zener zapping. There are many other potential 
applications for this technique though, and with a good 
understanding of the basic diode shorting process the 
design engineer can be creative in its application. 



"' The MLC350 is one of the circuits In Micro Linear's library of 
macrocells. Performance details of this circuit and other 
macrocells can be found in the FB300 Macrocell and Component 
Library booklet. 
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Design Techniques for Low Input Bias Current 



Analog systems often require high impedance inputs to 
accommodate the demand for higher accuracy. 
Measurement systems which interface to photodetectors or 
high impedance transducers require devices with low offset 
voltage and low input bias current. This is necessary to 
receive and amplify the signal without introducing any 
significant errors. Under this constraint, the designer will 
often select a FET as the primary input device. Although a 
FET input stage may be appropriate in a discrete circuit 
design, there are other all bipolar techniques which are just 
as effective and better suited to an analog array. In some 
cases, these techniques will out perform the FET alternative. 

This application note describes three alternatives for 
obtaining low input bias currents. The design techniques 
described can be applied to many different types of 
circuits from simple emitter followers to complex 
amplifiers. For example, a typical all bipolar operational 
amplifier can achieve input bias currents of about lOOnA 
with an offset voltages of about ImV"'. Unfortunately 
these characteristics are still not good enough for many of 
the applications previously mentioned. The input bias 
current can be minimized by using one of the following 
design techniques, 1) reducing the collector current 2) 
using a Darlington configuration 3) employing current 
cancellation techniques. This document will briefly 
describe the first two methods but will provide a detailed 
analysis of the cancellation technique as it provides the 
best performance trade-off and is the most Involved. 

Reducing the Collector Current 

The simplest approach to achieve low input bias current is 
to reduce the collector current of the input transistors. 
Since the base current tracks the collector current by a 
factor of beta, reducing the collector current of the input 
transistors will reduce the input bias current into the 
bases. Beta will degrade at lower collector currents (figure 
1), however, setting a practical limitation on this technique 
at about 50pA base current. If the circuit does not require 
a high slew rate or high gain bandwidth, this may be an 
acceptable method. 

The Darlington Configuration 

Figure 2 shows a differential Darlington configuration 
which will reduce the input bias requirements by a factor 
of beta. It will also double the offset voltage and reduce 
the voltage gain by 2. The offset voltage doubles due to 
the additional mismatching of the added devices, while 
the voltage gain suffers because only one-half of the 
input signal appears across the inner pair of transistors. A 
higher slew rate and gain bandwidth, though, can be 
achieved with this technique, over simply reducing the 
collector current, but it requires more components. 



Figure 1. Current Gain vs. Collector Current 
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The Cancellation Technique 

An all bipolar solution to low input bias current with low 
offset voltage while maintaining high collector currents for 
noise, slew rate or bandwidth reasons requires a 
technique called Input Bias Current Cancellation. 

Input bias current cancellation is a circuit design 
technique which measures the input current and forces 
an equivalent amount back into the input nodes (figure 
3). Ideally, this results in perfect cancellation of the input 
current. In the circuit in figure 3, the base currents into 
Q3 and Q4 duplicate the base currents into Qi and Q2. 
These currents are then sensed by Q5 and Q7 and 
equivalent currents are fed back, via Qe and Qq, into the 
input nodes. The total current at each input is thus, 

'in = Ib - 'c 
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Figure 3. 
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Assuming aii PNP betas ifip) are equal, all NPN 

betas (;Sn) and all base-emitter voltage drops are equal. 



Ic=Ib 



fin 



ygp 



(1+/3n) (2 + >Sp) 



IiN = Ir 1 - 



If all betas are very high. 



Jn. 



Pp 



(1 + y8N) (2 -H ySp) - 



Ic = Ib 
so 

l|N = 

The main contributor to cancellation errors in this circuit is 
the low beta of the PNP devices. This sets a practical 
limitation on this technique at about 5-10% of the 
uncanceled current, as shown by the following example. 

Assumptions: /3n = 100, ySp = 30, Ib = 70nA 



IiN = 70 1 



100 



30 



1+100 2 + 30 i 



l,N = 70 (.0718) 

I|N = 5nA 

This technique does not reduce the input offset current. In 
fact, the additional circuitry, with its additional mismatches, 
increases the offset current by a factor of about 3. The 
input bias current can be reduced to about the same 
value as the offset current, setting the limitation on this 
technique at about 1-IOnA. 



In the equations above, the betas of PNPs in the current 
mirror were assumed to be equal. To enhance the viability 
of this assumption, the V^e of each PNP should be kept 
equal. With the cancellation circuitry tied to the positive 
supply the Vce of Qs and Qg will change with the input 
voltage, while the Vce o^ Qs snd Qj will remain constant. 
This further aggravates any beta mismatch which already 
exists. To reduce this effect the circuit can be self-biased 
using current source Ibb, diodes D-| and D2, and transistor 
Q9, as shown in figure 4. 

Figure 4. 
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This circuit keeps the voltage across the cancellation 
circuitry fixed as the input common mode voltage 
changes, which in turn keeps the beta of each device 
constant. 

These techniques for reducing input bias current 
demonstrate the reality of achieving levels sometimes 
thought only possible with jFETs or MOSFETs. Circuits 
being considered for analog array integration which 
contain discrete FETs or FET input op amps should not be 
categorized as not possible. Rather, each individual circuit 
should be analyzed for its critical parameters, keeping in 
mind the trade-offs described above. If none of the 
bipolar solutions is adequate an external FET can always be 
used as an input buffer. 

*^' The offset voltage can be reduced by making use of wafer 
trimming techniques. At Micro Linear a process called zener 
zapping is used. For more information about this process see the 
application note titled "Trimming Bipolar Arrays". 
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High Frequency Complex Filter Design 

Using the ML2111 



Charles Yager 
Carlos Laber 



1.0 Introduction 

Switched capacitor filters have been growing in popularity 
because of their advantages over active filters. Switched 
capacitor filters don't require external precision capacitors 
like active filters. Their cutoff frequencies have a typical 
accuracy of ±0.3%, and they are less sensitive to 
temperature changes. This allows consistent, repeatable 
filter designs. Another distinct advantage of switched 
capacitor filters is that their cutoff frequency can be 
adjusted by changing the clock frequency. Switched 
capacitor filters offer higher integration at a lower system 
cost. 

Until the introduction of the ML2111, commercially 
available switched capacitor filters were limited to about 
20 KHz center frequencies. The ML2111 uses the versatile 
architecture of the MF10 with enhanced performance to 
reach center frequencies of up to 150 KHz with Q values 
up to 20. 

Designing high frequency, high order filters using the 
ML2111 is the main topic of this application note. 
Particular attention is focused on mode 1c, which has the 
advantage of operating at high frequencies while allowing 
the center frequency to clock ratio to vary based on 
external resistors. A flexible building block is introduced 
which implements all the necessary types of bi-quads to 
realize high order complex filters. Finally an example is 
given which illustrates the design of an eighth order 
Elliptic bandpass filter with a center frequency of 90 KHz 
and a passband from 81 KHz to 100 KHz. 



Figure 1: Signal Processing Systems 
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B) SAMPLED ANALOG SYSTEM 



The first part of the application note covers a variety of 
issues: layout, how fast the system clock can be changed 
for sweeping filters, and some differences between 
continuous and sampled data filters. For the reader who is 
already familiar with sampled data filters, section 2 on 
Effects of Sampling, Aperature, Aliasing, and Signal 
Reconstruction may be skipped. 

2.0 Effects of Sampling 

Since the ML2111 is a switched capacitor filter, it behaves 
as a sampled data system. Switched capacitor filters, as 
opposed to digital filters, are analog sampled data systems. 
The signal remains in the analog domain, as the charge 
on a capacitor. Whether using an analog or digital 
sampled data system, the effects of sampling the signal 
must be considered. 

Figure 1 shows a time domain input and output signal of 
an analog sampled data system, in the ideal case, the 
sampled data system, samples the input signal 
Instantaneously, or with an impulse function. The 
amplitude of each sample is equal to the instantaneous 
amplitude of the input signal. The output is a series of 
narrow pulses, each separated by time T, the sampling 
period. 

2.1 Aperture 

Since an impulse function in the time domain 
corresponds to a flat spectrum in the frequency domain, 
the input spectrum is exactly reproduced in the frequency 
domain, however, in reality the sampling signal Is periodic 
and has a finite pulse width. When convoluting a finite 
pulse width with an input spectrum F(jw) with unity 
amplitude, the result is found to be: 
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Figure 2: Analysis of a Sampled Signal 
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From this equation, the gain is a continuous function of 
frequency defined by (r/T) (sin (cot/I)/ {cjt/2)) where r is 
the sample pulse width in seconds, T is the sample period 
in seconds, and o) the frequency in radians per second. 

The time and frequency domain plots for the finite pulse 
width sampled signal are shown in figure 2. Figure 2 is a 
plot of the previous equations where the frequency 
spectrum is formed around multiples of the sampling 
frequency. As long as the adjacent spectra do not overlay 
(aliasing distortion), the continuous signal can be 
reconstructed from the discrete samples. 

To evaluate the amplitude distortion caused by having a 
finite pulse width, one can simply solve equation 1. Since 
the ML2111 has a zero-order hold t/J Is unity. Assuming a 
7.5 MHz sampling frequency and a bandwidth of 150 KHz, 
the amplitude distortion or attenuation Is 5.7 x ^0~^ dB. 

The equation shows that when the sampling frequency is 
40-50 times greater than the bandwidth, the aperture 
effects are negligible. 

2.2 Aliasing 

Another potential source for distortion in a sampled data 
system is aliasing. Aliasing distortion occurs when the 
input frequency to a sampled data system contains 
frequency components above one half the sampling 
frequency. These higher frequency components beat with 
the sampling frequency and are reflected back into the 
baseband causing aliasing distortion. 

The additional spectral components caused by sampling 
the input signal are the sum and differences of the input 
frequencies with multiples of the sampling frequency. For 
example, assume the input to a sampled data system is a 
sine wave with a frequency of 100 KHz (f,) sampled at 
250 KHz (fs), as shown In figure 3a. The first few spectral 



components will be at: (f, = 100 KHz; original signal, 
fs - fi = 150 KHz, fs + fi = 350 KHz, 2fs - fj = 400 KHz, 
2fs + fj = 600 KHz, . . .) Now assume f, has a second 
harmonic, which would be at 200 KHz, the spectral 
components are shown In figure 3b. If our bandwidth of 
Interest were from DC to fs/2, then the fs - 2fj 
component Interferes with the original signal. If we were 
to reconstruct the original signal by lowpass filtering It, we 
could not separate the aliased component, fg - 2fi = 50 
KHz, from the original signal. 

If our bandwidth of interest is a bandpass, the aliased 
component may not Interfere. For example, if the ML2111 
were to be used as a four pole bandpass filter with a 
center frequency at 100 KHz and a Q = 10 as shown in 
figure 3c, then the aliasing components in the above 
example would be filtered out as shown in figure 3d. But 
if the ML2111 were to be used as a low pass filter, then 
the fs - 2fi aliased component would not be filtered out 
by the ML2111, and an anti-aliasing filter would be 
needed. 

If the Input signal is not band-limited, and the aliasing 
components fall within the bandwidth of interest, then a 
lowpass filter or anti-aliasing filter must be placed in front 
of the ML2111. This filter must be a continuous filter 
rather than a sampled data filter, however, the complexity 
of this filter is typically much less than the ML2111 filters, 
and its frequency response Is less critical allowing for 
relaxed component tolerances. 

Since no frequency component can be totally eliminated, 
one must determine the acceptable amplitude of the 
aliasing components that will not impact the Signal to 
Noise ratio of the system. 

The higher the ratio of sampling frequency to input 
bandwidth, the lower the requirements on the anti- 
aliasing filter. Figure 4 shows the effects of sampling rate 
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Figure 3. Aliasing Distortion Using Sample Data Filters 
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rate on the separation of sampled signal spectra. Note the 
amount of overlap Increases as the sampling frequency is 
decreased for a fixed input signal bandwidth. In general, 
the higher the sampling frequency, the less aliasing 
distortion. Since the MLZlll's sampling frequency is 
typically either 50 or 100 times greater than the input 
bandwidth, the aliasing distortion may be negligible. 

2.3 Signal to Noise Ratio and 
Aliasing Distortion 

To determine whether aliasing distortion could be a 
problem, one must first determine the Signal to Noise 
Ratio of the overall system. Aliasing distortion less than 
the signal to noise ratio is of no concern. 

The data sheet specifies noise based on Q and 
bandwidth. From these specs one can deduce the S/N 
ratio of one bi-quad in the ML2111. Using a simplified 
example, a bandpass filter with a Q = 10 and a system 
clock to center frequency ratio of 50:1 has noise that is 
262 //Vrms over a 750 KHz bandwidth; taken from the 
specs in the data sheet. To determine the maximum input 
signal amplitude, one must consider the slew rate spec. 
The typical value is 2 V//ysec, however a comfortable 
safety margin is 1.495 V7/wsec for the commercial 
temperature range and 1.256 V/fjsec for the military 
temperature range. The slew rate = 27rfA, where f is the 
maximum input frequency, and A is the peak amplitude 
in volts. Therefore A = 1.495E6/(2*7r*100E3) = 2.3 Volts; and 
the S/N = 78 dB. 



Based on a 100 KHz bandpass filter with a Q = 10, 
^CLK-^o - 50:1, and a signal to noise ratio of 78 dB, what 
sort of anti-aliasing filter would be sufficient? One must 
first look at the spectrum of the input signal, particularly 
in the 4.895 MHz to 4.905 MHz frequency range since this 
is the range that will be reflected back into the 
bandwidth of interest, 95 KHz to 105 KHz. If the 
frequency components in the 4.895 MHz to 4.905 MHz 
are below 78 dB, they will have a minimum impact on 
the signal to noise ratio. Let's assume that these frequency 
components are down only 20 dB. Then the anti-aliasing 
filter will have to attenuate the frequencies in the 4.895 
MHz to 4.095 MHz range by 78 - 20 = 58 dB, and pass 
the frequencies in the 95 KHz to 105 KHz frequency 
range with no attenuation. A simple two pole Butterworth 
filter with a cutoff frequency of 170 KHz will be sufficient, 
however there will be an attenuation of about 0.5 dB at 
100 KHz due to this filter. 

Figure 5a shows a Sallen-Key active filter capable of 
implementing two poles, and figure 5b shows a Rauch 
filter also implementing two poles. These two active filters 
are good examples to use for anti-aliasing and 
reconstruction filters. Using the Rauch filter for the above 
example, C5 = 400 pF, Cg = 90 pF, and R = R4 = Re = R7 = 5 KO. 
Fortunately the cutoff frequency for the antialiasing 
and reconstruction filters are not critical since capacitors 
can vary 5% and resistors can vary 1%. Taking into 
account component tolerance for our example, the cutoff 
frequency can vary worst case from 152 KHz up to 
178 KHz. 

The important aspects to note are that one must first 
determine the signal to noise ratio in the bandwidth of 
interest. Based on this bandwidth, are there any 
frequencies that will be reflected back into the bandwidth 
of interest, and if so how much will they need to be 
attenuated? Remember that frequency components 
reflected back outside of the bandwidth of interest, will 
be filtered by the ML2111. Since the ratio of the sampling 
frequency to the center frequency is large on the ML2111, 
most designs will not need an anti-aliasing filter, and if 
they do, a simple two pole butterworth should suffice. 

2.4 Signal Reconstruction 

The output signal of a switched capacitor filter contains 
higher frequency components since it is a sampled signal. 
Many systems can accommodate these higher frequency 
components; however, if they interfere with the system's 
performance, then a signal reconstruction filter can be 
employed. 

A time domain and frequency domain plot of the output 
from the ML2111 is given in figure 6. The output signal 
changes amplitude every clock period. These sharp 
transitions elicit high frequency components in the output 
signal. Once again, the fact that the ratio of the sampling 
frequency to the input bandwidth is high, reduces these 
distortion effects. As a result of the sin (x)/x envelope, the 
higher frequency components are attenuated. For 
example, assuming the input bandwidth is 100 KHz and 
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Figure 4: Effects of Sampling Rate on Aliasing Noise 
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the sampling rate is 5 MHz, the frequencies around 4.9 
MHz are down 34 dB, and they degrade towards zero as 
the frequency reaches 5 MHz. A single pole 
reconstruction filter with a cutoff frequency at 200 KHz 
would add an additional attenuation of 27 dB at 4.9 MHz 
but would attenuate the output by 1 dB at 100 KHz. A 
two pole Butterworth as in figure 5a or 5b would yield 58 
dB of attenuation at 4.9 MHz and only 0.5 dB at 100 KHz. 

3.0 Layout Considerations 

The layout of any board with analog and digital circuitry 
combined mandates careful consideration. The most 
important steps in designing a low noise system are: 

1. All power source leads should have a bypass capacitor 
to ground on each printed circuit board (PCB). At least 
one electrolytic bypass capacitor (50 //F or more) per 
board is recommended at the point where all power 
traces from the ML2111 join prior to interfacing with 
the edge connector pins assigned to the power leads. 

2. Layout the traces such that analog signal and capacitor 
leads are far from the digital clock. 

3. Both grounds and power supply leads must have low 
resistance and inductance. This should be accomplished 
by using a ground plane where ever possible. Either 
multiple or extra large plated through holes should be 
used when passing the ground connections through 
the PCB. 



4. Use a separate trace for clock ground, and connect it 
to the edge connector board ground. 

5. Use ground plane on both sides of PC board. 

6. All power pins on ICs should have 0.1 //F and a 0.01 /yF 
capacitors in parallel tied to ground, and as close to 
the power pins as possible. 

7. Stray capacitance, lead lengths, and traces, on pin 4 
and 17, the negative input of the op amp, should be 
kept to a minimum, particularly for high frequency 
filters which are more sensitive. 

Figure 5a. Sallen-Key Filter 
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Figure 5b. Rauch Filter 
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Figure 6: Signal Reconstruction 
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3.1 Clocks and Output Loading 

It is important to properly terminate the clock input to 
prevent overshoot. Each pin has protection diodes for 
Electro-Static Discharge (ESD), and any overshoot of more 
than 0.3 to 0.5 volts will be injected directly into the 
ML2111's ground and/or supplies. Matching the 
characteristic Impedance of the line will prevent any 
ringing thus reduce clock noise. 

When operating with high clock frequencies, the output 
of the op amp and Integrators should be properly loaded. 
Ideally these outputs — LB BP, and N— like to drive a total 
of 2 to 3 mA of peak current each. Assuming the output 
voltage swing is ±2 volts, the sum of R5 and Re, in mode 
1c for example, should be 2 V/2 mA or about 1,000 ohms; 
assuming no other resistors are connected. Sometimes this 
is difficult to do If the ratios and loading cannot 
simultaneously be achieved. In this case an additional 
loading resistor placed as close as possible to the output 
pin will serve the purpose of properly loading the outputs. 

4.0 Sweeping Filters 

One particularly nice feature of sampled data filters is the 
fact that the center frequency of a filter Is directly related 
to the clock frequency. For a lowpass filter, increasing the 
clock frequency increases the cutoff frequency. Even 
though the center frequency increases proportionally with 
the clock, Q stays constant. Therefore In a bandpass filter. 
Increasing the clock frequency increases the center 
frequency as well as the bandwidth. Table 2 in the data 
sheet illustrates this relationship. (Note that there is some 
Q deviation as the system clock goes beyond a certain 
value. Refer to figure 2E in the data sheet for a graph of 
this phenomenon) 

A good rule of thumb for the maximum rate a filter can 
be swept is that the Sweep Rate should be less than the 
square of the bandwidth of the filter. This will reduce 
attenuation of the passband as a result of sweeping the 
filter. The theoretical derivation of this approximation Is as 
follows. 

Assume we have a bandpass filter with an in-band signal 
that starts at t = 0. The output of the filter will 
exponentially Increase until It reaches the steady state gain 
of the passband. After 4 time constants (r), the output 
sine wave will be at 98% of Its final amplitude. 

Sweeping a filter is analogous to keeping the filter 
constant and sweeping the input frequency. To prevent 
the filter from attenuating the sweeping input signal by 
more than 2% or 0.16 dB: 



Sweep Rate < BW/47 
but the time constant can be approximated by: 

and. 



Q = fo/BW or BW = fo/Q 



substituting t and BW Into equation (2) results In: 
Sweep Rate < TrB\Ny2 



(2) 



(3) 
(4) 



(5) 
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5.0 High Frequency Operation 

There are three basic modes for the ML2111 — mode 1, 2 
and 3. Within each mode there are several variations as 
shown In the table below. 



Mode 1* 


High Frequency Mode 


% la. Id 
1b, 1c 


fo up to 150 KHz; Q up to about 20** 
fo up to 100 KHz; Q up to about 30 


Model 


Flexible for Notches 


2, 2a, 2b 


fo up to 30 KHz; Q up to about 30 


Modes 


Most Flexible/Low Component Count 


3,3a 


fo up to 30 KHz; Q up to about 30 



* Q and fg liave an inverse relationship. This table is only an 

approxinnation. Actual performance depends on board layout and 
stray capacitance. 

** 15% or less Q deviation. Higher Q's can be realized with greater 
deviation. 

Mode 1 is the only mode which has the input amplifier 
outside the resonant loop. This is important because the 
input amplifier reduces the bandwidth potential of the 
filter. Only Mode 7 can achieve filters with resonant 
frequencies up to 150 KHz. 

Inserting an ML2111 into an MF10, LMF100, or LTC1060 
socket and increasing the clock frequency does not 
automatically increase the bandwidth potential up to 150 
KHz. If these pin-compatible parts were designed using 
Mode 1, the bandwidth improvements would be realized; 
however if they were used in another mode, there would 
be limited bandwidth improvements. 

Complex, high order filters usually have pole pairs with 
different center frequencies; Elliptical and Chebyshev 
filters are two examples. To realize two pole pairs in one 
ML2111 with different center frequencies, one must either 
use two different clocks, or use a mode which allows the 
center frequency to be modified by external resistors. 

Using different clock frequencies to realize poles with 
different center frequencies is not recommended. Besides 
the additional expense of providing more than one clock, 
the/ two system clocks may beat with each other and 
possibly result in side tones that falls within the passband 
of the filter. Additionally if anti-aliasing is needed, 
separate anti-aliasing filters would be needed for each 
stage. 

Looking at tables 1 and 2 in the ML2111 data sheet, one 
can see the modes that allow the center frequency to be 
modified by external resistors. These modes each have an 
additional coefficient multiplied by fcLK/''00(50). From the 
block diagrams one can see that the modes which allow 
the center frequency to be modified, feedback the LP 
output using a resistor divider. The modes that restrict the 
ratio to 50 or 100 have a unity gain LP feedback. 



If the coefficient multiplied by fcLK/IOOi^O) is greater than 
or equal to 1, as in Mode lb, then the ratio of fcLK to fo 
can be less than 50 or 100. Whereas if this coefficient is 
less than or equal to 1, then the ratio of fcLK-^o can be 
greater than or equal to 50 or 100. Reducing the ratio of 
fciK to fo to less than 40 to 50 is not recommended. As 
the ratio of the sampling frequency to the center 
frequency is reduced, the approximation of a sample data 
filter to a continuous filter is reduced. Aperture effects 
increase, aliasing effects may increase, harmonics in the 
output increase, and the warpage between the discrete 
and the continuous filter increase. 40 to 50:1 is the 
minimum recommended ratio of fcLK to fo- 

Based on the above arguments one might conclude that 
100:1 is better than 50:1. In general this is true for 
switched capacitor filters, but not for the ML2111. The 
specifications in the data sheet show that a 50:1 ratio 
provides a more accurate Q than a 100:1, and a 50:1 ratio 
allows higher frequency filters. 

Mode 3 is the most flexible since the center frequency 
can be greater than or less than icnt^AOOiBO) by selecting 
R2 and R4. Its also the most efficient since it has the 
lowest component count. However mode 3 can only 
work up to 30 to 40 KHz or Qs up to the 10 to 30 range; 
higher fo can be obtained with lower Qs. Sometimes a 
small capacitor (C4) across R4 can compensate the filter 
response and offer less Q deviation. The value should be 
selected by setting C4 equal to 1/27rR4BW where BW is 
approximately equal to 2 to 4 MHz. 

Another reason mode 3 can only be used at lower 
frequencies is that there is a true sample and hold at the 
positive input of the summer. This sample and hold adds 
a 7.2 degree delay at the center frequency when using a 
50:1 ratio (360°/50). By using a higher ratio this delay is 
lowered. Since the ML2111 allows a higher system clock 
than other competing devices, this delay can usually be 
made smaller for similar center frequencies. 

In conclusion, for high frequency filters use Mode 1. For 
complex filters with various center frequencies use Mode 
1c. In most cases one should choose 50:1 over 100:1 ratio 
for more accurate Q's and center frequencies. 

5.1 A Flexible Building Block 

Figure 7 shows the block diagram of a second order 
section which includes both a complex pole pair and a 
complex zero pair. The poles are provided by the ML2111 
and the zeros realized by one and sometimes two 
external op amps. This building block uses mode 1c 
which allows the poles to have a center frequency based 
on external resistors as well as the clock, plus it can be 
used in higher frequency filters since the op amp is 
outside ot the resonant loop. The same feedforward 
circuit can be used on other modes as well, but for high 
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frequency filters, where each complex pole pair has a 
different center frequency, mode 1c is the best choice. As 
mentioned before, only when Butterworth filters are 
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desired, use mode 1 to achieve higher frequencies and a 
higher dynamic range. The transfer function for the 
flexible building block is given below. 



^ R2R12R17 L ^ R5 
R-jR-j-jRig \ Rg 



Re 



R5 + R6 



wi- 



R5 + R6 



wi- 



(6) 



Figure 7: Flexible Building Block 
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At least one and sometimes two external op amps are 
required to realize the zeros. The first op amp serves as 
an inverter, while the second one sums the input signal 
with the lowpass and bandpass outputs. A fast op amp 
should usually be used with greater than 10 MHz 
bandwidth to minimize signal phase shifts. Depending on 
the application, sometimes a slower amplifier will suffice. 
In some cases no external op amp is necessary and the 
second op amp in the ML2111 if not being used will 
suffice. This was done in figure 34 in the data sheet. 

With the Flexible Building Block a lowpass, highpass, 
notch, and allpass section can be realized by properly 
positioning the zero locations. Zero locations are chosen 
by selecting the appropriate resistors. The difference 
between the lowpass output provided by the MLZIII in 
mode 1c and the lowpass function realized by the flexible 
building block is that in mode 1c the response is 
monotonically decreasing, while the Flexible Building 
Block has a complex zero pair which inserts a ripple in 
the stop band and flattens out at high frequency. 

Since the Flexible Buidling Block uses mode 1c, the pole 
equations remain the same whether there is feedforward 
or not. What changes is the zero location and the DC 
gain. The following equations are used to determine the 
pole locations and Q for the Flexible Building Block, 
which uses mode 1c. 



fn = 



fcLK 



Re 



100(50) V R5 + Rs 



Q^l^ 



Re 



A handy set of equations to convert pole and zero 
locations given in rectangular coordinates to fg and Q 
values is as follows: 

Complex Pole = a + jco; 



fn = 



Va2- 



iTT 



^Vi- 



{a)/ay 



(7) 



By cascading several of these building blocks, complex 
high frequency Elliptical filters can be realized. 

5.2 Lowpass 

For a lowpass design with a notch, the zeros should be 
placed on the jo; axis at frequencies greater than the 
poles' center frequency. In the numerator of the transfer 
function for equation 6, the coefficient for swt should be 

R3 R-IR 

set to zero; setting — = — . 
Ri Ri7 



Since - 



Re 



R5 + Re 
R2R12R17 / 



(a)-\^ = 0)0^, the coefficient 

R \ 
1 +— - determines the center frequency of 
Re ' 



1 + 

R1R11R19 
the zero. In this form it is always greater than one, 
therefore the center frequency of the zero is always 
greater than the center frequency for the poles; hence a 
lowpass filter. The pole/zero location and the frequency 
response are shown below. 



R2 V R5 + Re 
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Equations for the lowpass configuration: 

Rl9 R2/-^R5| 

Ri ' Re ' 
DCGain = Ho.P=(-^)(l.M^(l3 

The ratio of the zero to the pole frequency determines 
the DC to high frequency attenuation. 

When the zeros are at the same frequency as the poles 
the bi-quad becomes a notch, and there is no difference 
between the high frequency and low frequency gain. The 
larger the difference between the pole and zero 
frequencies, the greater the rejection. Figure 8 illustrates 
the relationship between pole/zero location and gain. 

Figure 8: Varying fz and Keeping fo ^nd Q Constant 




To place the zeros at a lower frequency than the poles 

the coefficient 1 + ^ ^^ ^^ ('' "^""^ I "^"^t be less than 
RtRiiRi9 \ Rg / 

one. This can be done by removing the inverter in figure 

7, which makes the sign of Rig negative. To place the 
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the highpass configuration: 
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5.4 Notch 

Even though mode 1c provides a notch output, the notch 
realized by the flexible building block achieves dB of 
gain at DC and at high frequencies regardless of the Q 
value. The problem with the notch in mode 1c is that 



VR5 + R6 



H0NI (f ^ 0) = HoN2 (f - fcLK/2) = 



As Q increases Honi,2 niust decrease otherwise the 
bandpass output node, BP pin 2 or 19, will saturate. The 
restriction is that Hqbp = 1 = -R3/R1. Let's take a simple 
case when R5 = 0, then Hqni = Hon2 - 1/Q- The plot 
below shows the notch for different Q's in mode 1c. 

Figure 9: Mode 1c Notch when R5 = 
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5.3 Highpass 

For a highpass filter the zeros must be less than the 
center frequency for the poles. The pole/zero plot and 
the frequency plot are shown below. 
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To realize the notch using the Flexible Building Block the 
zeros must be placed on the ]o) axis at the same resonant 

frequency as the poles. Therefore from equation 6, — = — — 

R-i Ri7 

and Ri9 -* =». Setting R-19 equal to infinity means removing 

it from the circuit; which saves an op amp and a few 

resistors. Hobp still must equal one, however the gain at 

DC and fcLK/2 is independent of Q; Hqni (f ~* 0) = Hon2 

(f -* fcLK/2) = -R10/R17. Tuning R-^g adjusts the depth of 

the notch. See figure 34 in the data sheet for an example. 



10-20 



j^ Micro Linear 



Application Note 4 



5.5 Ailpass Equalizer 

An allpass filter is used to linearize the filter's phase 
response. A linear phase response results in a constant 
group delay. An allpass filter keeps the gain constant and 
just shifts the phase. To keep the gain constant and only 
shift the phase, the poles and zeros must be equal but on 
opposite sides of the s-plane as shown below. 



Rfi 



S-plane representation of 
2nd order Allpass Filter 

The Flexible Building Block can function as an allpass 



when R-J9 -* =» and 



Ri7l^3 
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= 2. The Transfer function for 
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(8) 



5.6 Frequency Compensation 

In some cases it is possible to improve the Q accuracy 
and minimize Q deviation by adding a capacitor (C5) in 
parallel with R5 in figure 7. This capacitor serves as 
compensation for a pole at around 2.4 MHz in the output 
of LP The zero location should be placed at around 2.4 
MHz, where the internal pole is. Unfortunately C5 adds a 
pole as well as a zero to this branch. If this pole is too 
close to the zero, the benefit of C5 is diminished. The 
zero location is: fz = 1/27rR5C5 and the pole location is: fp 
= 1/27r(R5 II RelCs, (R5 || Re is the parallel equivalent 
resistance). The larger the ratio of the pole frequency to 
the zero frequency, the better this capacitor will serve. 

The highest center frequency attained is when R5 equals 
zero. (Note: Practically speaking R5 should never be zero, 
to allow fine tuning of fo.) Unfortunately C5 cannot 
properly compensate the 2.4 MHz internal pole with a 
negligible value for R5. To overcome this problem, 
compensation can be achieved at high frequencies using 
an op amp in the LP feedback branch as shown in 
figure 10. 

The center frequency in mode 1c is calculated by the 
following equation: 






50 



With a passive feedback loop using R5 and Re. k = 

However when using the op amp configuration as in 

figure 10, k = ( ^ ) (1 +-^ ). When k = 1 the ratio is 50. 

\ R5 + Re ' ' R7 ' 
Using active feedback in mode 1c has the unique 
advantage of allowing the ratio of clock to center 
frequency to be less than 50 by setting k greater than 1. 
It is not recommended to use ratios less than 40-50, 
however this feature does allow more freedom in tuning 
the center frequency of the pole above or below the 
ratio of 50. If the circuit uses a crystal for fcLK^ and the 
pole needs to be tuned, Rq could be a potentiometer to 
allow tuning of the pole. For this compensation to work 
Ro 

— should be 4-9 to provide phase lead before phase lag. 
^7 

Figure 10: Compensation Using Active Feedback for High 
Frequency Poles 




where k = Transfer function 



C5 = 33-66pF (Depends on board's parasitics) 
Rg = 18000; R7 = 200 
Re = 100Q, R5 = 900Q 

Using mode 1 instead of mode 1c as configured in figure 
7, is a better solution for high frequency poles; however 
there are certain cases where mode 1 cannot be used. For 
example, if one of the two bi-quads in the ML2111 is 
already used in mode 1c, then the other one must also 
operate in mode 1c. It would be less expensive to add an 
op amp to the second bi-quad of an existing ML2111 than 
to add an additional ML2111 just to use one bi-quad 
operating in mode 1. 

Figure 11a shows the Q accuracy vs. clock frequency in 
mode 1c using passive feedback for a Q approximately 
equal to 10. Q inaccuracy dramatically increases just 
beyond 100 KHz center frequency. Figure lib shows Q 
accuracy vs. center frequency in mode 1c using active 
feedback with a DC transfer function of 1. The op amp 
used for this measurement was an AD5539, where 
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R R 

— = — = 9. This op amp is a good choice because it has 
Rj Re 

a wide bandwidth, 220 MHz, and is low cost. The figure 

shows that Q deviation does not dramatically increase 

until well beyond 120 KHz; therefore for higher 

frequency operation and high Q, the use of mode 1c 

with active feedback is recommended. 

Figure 11a: Mode 1c with Passive Feedback 
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6.0 Design Methodology for Complex Filters 

The previous section described how to use the Flexible 
Building Block to implement lowpass, highpass, notch, 
and allpass second order sections. Higher order filters are 
achieved by cascading these second order sections. For 
example an Elliptical notch is accomplished by cascading 
lowpass and highpass sections as shown in figure 12. 

An Elliptical bandpass is also a combination of highpass 
and lowpass sections, except for a bandpass filter the 
cutoff frequency for the highpass bi-quads are lower than 
the cutoff frequency for the lowpass. 

Figure 12: Fourth Order Elliptic Notch 



HIGHPASS CASCADED 

BI-QUAD COMBINATION 



0.0 .6 1.2 1.8 2.4 3.0 3.6 4.2 4.8 5.4 6.0 
fCLK (MHz) 




— = 10; Rs = 0; Ri = R3 = 20K 

Figure lib: Mode 1c with Active Feedback 
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C5 = 33pF; -^ = 10; R5 = 0; Ri = R3 = 20K 
R2 



Once the pole and zero location have been determined 
for the filter desired, the next step is to choose the 
proper mode of operation and translate the center 
frequency and Q values for each pole and zero into 
resistor values. If the pole and zero locations are given in 
real and imaginary values, they can be converted to fg 
and Q by using equation 7. 

For center frequencies between and 20 KHz, either 
mode 3 or mode 1c can be used. Sometimes mode 3 or 
mode 3a will result in a lower component count. 
However mode 3 should be used with caution since high 
Qs and high parasitic capacitance on pin 4 and 17 can 
lead to oscillations. This can usually be compensated by 
using a capacitor across R4, which provides some phase 
lead, and low value resistors such as 1-2 Kohms. 

For center frequencies between 20 to 100 KHz, where 
each pole has a different center frequency, mode 1c 
should be used. This range can be extended up to 
120 KHz with active compensation in the LP feedback 
path as shown in figure lib. The combination of high Qs 
(20 to 30), and high frequencies (above 80 to 100 KHz), 
and parasitic capacitance across R^, can lead to 
oscillations. This can be dealt with by placing a capacitor 
C5 across R5, or by using active compensation. 
Additionally the signal swing should be limited to about 1 
to 1.4 volts peak-to-peak. 
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For filters where fg is the same for all pole locations, such 
as Butterworth, Lowpass or Highpass. High order filters 
with cutoff frequencies up to 150 KHz can be realized 
using mode 1. In this case the signal level can be 
increased to 2.82 volts peak-to-peak. 

7.0 Design Example 

The following is an example an eighth order Elliptic 
bandpass filter with a center frequency of 90 KHz and a 
bandwidth of 19 KHz. This filter was designed built and 
tested on its own printed circuit board. A print of the 
masks for the PCB, and a photograph of the performance 
of the filter is included at the end of this section. 

In general, high Q filters (Elliptic and Chebyshev) will 
have higher sensitivity to component and temperature 
variations and higher noise than low Q filters such as 
Butterworth and Bessel. 



a) 



8th Order Elliptic Bandpass with the following Filter 
characteristics: 

Amax: 0.5 dB (peak to peak passband ripple) 

Amin > 50 dB (stopband attenuation) 

{iy f2) Passband: 81,000 to 100,000 Hz 

(geometrically symmetric) => fc^ = i-] x i2 

(fc) Center: 90,000 Hz 

Stopband: 70.5 KHz to 115 KHz 

Obtain: 

' foi = 80839 Hz 

fo2 = 85820 Hz 

fo3 = 94383 Hz 

fo4 = 100200 Hz 



Poles - 



Qi = 30.2 
Q2 = 10.86 
Q3 = 10.86 
Q4 = 30.2 



Zeros 



' fza = 69185 Hz 
fzb = 50082 Hz 
f^c = 117080 Hz 

. fzd = 161733 Hz 



c) After considering a few pole-zero pairing 

combinations the following (not necessarily optimum) 
combination was adopted. 



Section 1 
HP 



Section 2 
LP 



Section 3 
HP 



Section 4 
LP 



In 



fza 

foiQi 


— ► 


fzc 
f04Q4 


► 


fzb 
f02Q2 


>- 


fzd 
f03Q3 


Out 





Gt = .1231 G2 = .488 G3 = .2474 G4 = .121 
Note: G, are the high frequency gains. (= R^q/Rv) 

Because of difficulty in solving equations first order 
equation were calculated and final values found by 
using potentiometer. 



d) Choose fciK = highest fo = 100200 

@ 50:1 => 50fo = 5.01 MHz. Choose ~ 10% higher 
fcLK = 5.5 MHz. It's better to choose a slightly larger 
fcLK to be able to adjust R5. 

e) Design Procedure. 

Section 1. *) Want a ratio = l^J^^^ = 68 = Rt 
80839 Hz ^ 



in Mode 1c Rt = 50 x Wl +-^ => 1 +-^ = 1.8516 

V Re Re 

Assume R5 + Re = 1000 Q 

then 1 3 = ^ =1.8516 

Re Re 
=> Re = 540Q (fixed R) 
=> [R5 = Re (1.8516 - 1) = 460 Q] [1000 O trim pot] 

*) Want Q = 30.2 use following approximation: 

__ « ^^ ^^g^g i ^ 2.4 MHz 

R2 1+Q(fo/fx) (internal pole) 

= 20.4 => assume R2 = 2000 Q 
and R3 « 40.7 KQ (100 K trim pot) 
and initially assume R-i = R^ = 40.7 KQ 

*) Zero. Use the following approximation. 
L^ = 69185 Hz 



= 2.i 



Rl7^ 1 - (y^o)^ 1 - (69185/80839)^ 
Rl9 R2 / R5\ ~ 1/20x1.8516 

Ri \ Re' 
Since R19 loads the LP output then assume Rig > 5000Q. 
Also since later we will fine tune the gains this 
relationship will slightly change. Thus, initially assume 
a higher R-\y which can be change later if needed. 

Choose R-17 = 30 KO (fixed R) 

and Ri9 « 10 KQ (20 KQ trim pot) 

choose R-iQ = Rij (initially) 

and Rio = R17 x Gt = 30K x .123 = 3690 Q (fixed R) 

(Note: This is a first order approximation that underestimates 
the value of Q, whose final value will be tuned in later in the 
breadboard stage.) 

1. By looking at the bandpass output adjust R5 until 
the peak frequency is fo, in this case 80839 Hz 

2. Then adjust R3 until Q = 30.2 

3. Then change Rt until the peak of the bandpass or 
lowpass output (larger of the two) is about dB. 
Ri does not need to be a trim pot. 

4. Now by looking at the output of the section adjust 
R-J9 to place the zero at the correct frequency (in 
this case 69185 Hz) 
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5. Adjust Ri8 to obtain a deeper notch. Sometimes 
Ri8 is not needed at all and can be removed from 
the circuit. 

6. Check the high frequency gain so that it is 
Gi = .1231 

7. Design the rest of the sections the same way 

8. Keep Rio of first section as a trim pot to slightly 
trim gain of the whole filter (if important in the 
application). 

For this design these are the final values: 
Section 1. 



Rl = 94.5 KQ 

R2 = 2 KQ 

R3 = 66.2 KQ (100 K pot) 

R5 = 452 Q (1 KQ pot) 

Re = 540 Q 


Rio = 3.83 KQ 

Rl7 = 32.4 KQ 

R18 = 15 KQ 

Rl9 = 4.65 KQ 

Hlp peak = 1.1512 (+1.22 dB) 

Hbp peak = .846 (-1.45 dB) 


Section Z 




Rl = 65 KQ 

R2 = 2 KQ 

R3 = 474 KQ (100 K pot) 

R5 = 170 Q (500 Q pot) 

Re = 830 Q 


Rio = 14.34 KQ 
Rl7 = 28.7 KQ 

Rl8 = '^ , 

Rl9 = 2.9 KQ 

Hlp peak = 1-12 (+.984 dB) 

Hbp peak = .972 (-.247 dB) 


Section 3. 




Rl = 31.5 KQ 

R2 = 2 KQ 

R3 = 23.3 KQ (50 K pot) 

R5 = 389 Q (1 KQ pot) 

Re = 600 Q 


Rio = 9.05 KQ 

Ri7 = 40 KQ 

R18 = 16.86 KQ 

Ri9 = 6.35 KQ 

Hlp peak = 1-074 (+.62 dB) 

Hbp peak = .834 (-1.58 dB) 


Section 4. 




Rl = 25 KQ 

R2 = 2000 Q 

R3 = 21.4 KQ (50 K pot) 

R5 = 279 Q (500 Q pot) 

Re = 732 Q 


Rio = 12 KQ 
Ri7 = 99.97 KQ 

Rl8 = °° 

Rl9 = 6 KQ 

Hlp PEAK = 1.12 (+.924 dB) 

Hbp PEAK = .953 (-.418 dB) 



Note: All R's are 1% metal film 1/4W 
Trim pots are 25 turns. 1/2W 

When placing resistors in and out of the ML2111 filter 
circuit, specifically R3, the filter will oscillate at fo due to 
the Q going to infinity. Also when designing high 
frequency high Q filters, such as fo = 100 KHz and Q = 30 
like pole #4, high voltage swings may cause nonlinear 
operation provoking oscillations. Changing fcLK 
momentarily to a much lower value will restore the filter 
to a stable linear operation. Thus it is important for high 
frequency, high Q filters to limit the input signal swing to 
about 500-700 mV peak. 



7.1 Performance Measurements, Schematics 
and PCB Layout 

Figure 13: Frequency Response of Eighth Order 
Elliptic Filter. 




The center frequency is at 90 KHz with the lower cutoff 
at 81 KHz and the upper cutoff at 100 KHz. The stopband 
is down -55 dB at 70.5 KHz and 115 KHz. 

Figure 14: Passband of Filter Showing 0.5 dB Ripple. 




10^24 



Micro Linear 



Application Note 4 



Figure 15: Group Delay. 



Figure 16: Power Spectral Density of the Noise 
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A constant group delay can be achieved by adding alfpass 
equalizer sections to this filter. 



This plot shows that the pole/zero pairing and order of 
the bi-quad sections chosen was not optinnum as far as 
noise is concerned. The plot shows that the upper band 
edge of noise is higher than the lower band edge. A 
different combination of pole/zero pairing and order 
pairing would have yielded a flatter noise response and 
possibly a lower noise value; which would have then 
improved the S/N ratio. The current design yields S/N of 
about 40 dB assuming a noise bandwidth from 1 KHz to 
179 KHz. Input voltage = 353 mVrms^ output noise voltage 
= 3.14 mVrm.. 
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Figure 18a: PCB Layout Component Side 




Figure 18b: PCB Layout Solder Side 
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ML2111 Application Board Parts List 



Part# 


Value 


Note 


Resistors 


R1A 


1 KQ 




R2A 


500 Q 




R3A 


1 KQ 




R4A 


1 KO 




R5A 


500 Q 




R6A 


1 KQ 




R11A 


94.5 KQ 




R12A 


2 KQ 




R13A 


66.2 KQ 


100 KQ Pot 


R15A 


452 Q 


1 KQ Pot ** 


R16A 


540 Q 




R17A 


32.4 KQ 




R18A 


15 KQ 




R19A 


4.65 KQ 


10 KQ Pot* 


R110A 


3.83 KQ 


10 KQ Pot* 


R111A 


OPEN 




R112A 


OPEN 




R114A 


OPEN 




RAA 


100 Q 




RAB 


100 Q 




R210A 


14.3 KQ 




R211A 


5 KQ 




R212A 


5 KQ 




R214A 


2.5 KQ 




R21A 


65 KQ 




R22A 


2 KQ 




R23A 


47.4 KQ 


100 KQ Pot 


R25A 


170 Q 


500 Q Pot** 


R26A 


830 Q 




R27A 


28.7 KQ 




R28A 


OPEN 




R29A 


2.9 KQ 


10 KQ Pot* 


RIB 


1 KQ 




R2B 


500 Q 




R3B 


1 KQ 




R4B 


1 KQ 




R5B 


500 Q 




R6B 


1 KQ 




R110B 


9.05 KQ 




R111B 


OPEN 




R112B 


OPEN 




R114B 


OPEN 




R11B 


31.5 KQ 




R12B 


2KQ 




R13B 


23.3 KQ 


50 KQ Pot 


R15B 


389 Q 


1 KQ Pot** 


R16B 


600 Q 




R17B 


40 KQ 




R18B 


16.86 KQ 




R19B 


6.35 KQ 


50 KQ Pot* 



Part# 


Value 


Note 


Resistors (Continued) 


R210B 


12 KQ 




R211B 


5KQ 




R212B 


5KQ 




R214B 


2.5 KQ 




R21B 


25 KQ 




R22B 


2KQ 




R23B 


21.4 KQ 


50 KQ Pot 


R25B 


279 Q 


500 Q Pot** 


R26B 


732 Q 




R27B 


100 KQ 




R28B 


OPEN 




R29B 


6 KQ 


100 K Pot* 


Capacitors 


C15A 


OPEN 




C25A 


OPEN 




C15B 


OPEN 




C25B 


OPEN 




CI 


100 //F 


bypass 


C3 


100 //F 


bypass 


C4 


0.1 yuF 


bypass 


C5 


0.1 //F 


bypass 


C6 


0.1 //F 


U1 bypass 


C7 


0.01 //F 


U1 bypass 


C8 


0.1 //F 


U1 bypass 


C9 


0.01//F 


U1 bypass 


CIO 


OPEN 


U2 bypass 


C12 


OPEN 


U2 bypass 


C13 


OPEN 


U2 bypass 


C14 


OPEN 


U2 bypass 


C16 


0.1 //F 


U3 bypass 


C17 


O.m //F 


U3 bypass 


C18 


0.1 //F 


U3 bypass 


C19 


0.01//F 


U3 bypass 


C20 


0.1 //F 


U4 bypass 


C21 


0.01 //F 


U4 bypass 


C22 


0.1 yuF 


U4 bypass 


C23 


0.01//F 


U4 bypass 


C24 


0.1 //F 


U5 bypass 


C26 


0.01 //F 


U5 bypass 


C27 


0.1 //F 


U5 bypass 


C28 


0.01 //F 


U5 bypass 


C29 


0.1 //F 


U6 bypass 


C30 


O.m //F 


U6 bypass 


C31 


0.1 //F 


U6 bypass 


C32 


O.m/yF 


U6 bypass 


C33 


OPEN 


U7 bypass 


C34 


OPEN 


U7 bypass 


C35 


OPEN 


U7 bypass 


C36 


OPEN 


U7 bypass 


C37 


0.1 A/F 


U8 bypass 


C38 


0.01//F 


U8 bypass 
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ML2111 Application Board Parts List (Continued) 



Part# 


Value 


Note 


Capacitors (Continued) 


C39 


0.1 AfF 


U8 bypass 


C40 


0.01 A/F 


U8 bypass 


C41 


0.1 AfF 


U9 bypass 


C42 


0.01 ^V 


U9 bypass 


C43 


0.1 //F 


U9 bypass 


C44 


0.01 //F 


U9 bypass 


C45 


0.1 AfF 


U10 bypass 


C46 


o.m A/F 


U10 bypass 


C47 


0.1 AfF 


U10 bypass 


C48 


0.01 AfF 


U10 bypass 


Jumpers 


J1A 


IN 




J2A 


OUT 




JIB 


IN 




J2B 


OUT 





Part# 


Value 


Note 


ICs 


U1 


ML2111CCP 




U2 


OPEN 




U3 


LM318H 




U4 


LM318H 




U5 


LM318H 




U6 


ML2111CCP 




U7 


OPEN 




U8 


LM318H 




U9 


LM318H 




U10 


LM318H 




Miscellaneous 


20 


scope probe sockets 


3 


BNC connectors 


3 


female banana plugs 


2 


20 pin low profile sockets 



Gain and zero frequency adjustment. May not be needed if application can tolerate slight variations in stop band. 
' R5 - In most cases R5 can be replaced by a 1% resistor after trimming has been done. 
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Lowpass — 



Appendix A. Flexible Building Block Summary 




VOUT 



fo = 



^CLK 



100(50) V R5 + Re 



■^^ ;Q- — 



Re 



R2 V R5 + Re 



( t t ^ R2Rl2Rl7 /1 ^ '^5 \ . 

\ K-|7 ' \ K-jK-]iK-]9 \ Ke 

R3 _ R18 

Ri Ri7 



Highpass - 




VoUT 



100(50; V 1 



\3\j) V IV5 



^;Q=^v 



Rs + Rf 



Re 



R2 V R5 + Re 



f =f Jl - '^2Rl2Rl7 (-1 I '^5 j . n ^_ "^10 

V R-iR-iiRig \ Re ' Ri7 



R3 ^ Rl8 

Ri Ri7 
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Allpass — 




VOUT 



fo = f. 



fcLK 



Re 



100(50) V R5 + Re 
Ri7 RisRi 



;Q-^ 



Re 



R2 V R5 + Re 



Notch — 




VoUT 



fN 



^CLK 



Re 



;Q=-^ 



Re 



100(50) V R5 + Re 

H0NI (f ^ 0) = HoN2 (f - fcLK/2) 



R2 V R5 + Re 

Rio . ^_ R18 
Ri7 Ri Ri7 
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Appendix B. Derivation of Flexible Building Block Transfer Function 



R2, 
Ri 



Vn=-^V,n-z^Vbi 
R3 



V ' R5 + Re 
Vbp- 



w - Vbp ^1 
Vip - 



Vlp 



w^ 



s Vbp _ R2 ,, R2 ,, Re Vbp ^i 

wi Rt '^ R3 ^^ R5 + R6 s 

^•^ Li R3 R5 + Re s J Ri ""'N 



Vbp ^ /_ R3 

V,N ' '" Ri 



R2 



R2 . Re 
—- sa>i + 



s^ + — sa>i 



-6,1^ 



R3 " ' R5 + Re 

K-18 Kn Ki9 



V - "^10 \/ '^10 ,/ . R12 Rio ,/ 

Vo--^V,M- — Vbp + — —V, 



f1 = 

(a) -- 


fcLK 27r 
50 

= \l '^ 
VRs + Re 

= 27rf 


HOBP = 

^CLK 27r 
50 


. R3 
"Ri 


R3 VRs + Re 



Vo-^V,.-^|-^) 

K-J7 K18 \ Ki / 



S^l V|N 



2 R2 Re 



-+ R12R10 /_ R2 



R5 + R6 



^1^ 



R11R19 ' Ri ' , R2 

S^ + SCO1 + 

R^ ' 



^1^ V|N 



R.'^'SjtX"'* 



^-l-fi^. 



+ -^ S^l + -5^ 6,1^ - 5l»MlZ s„, ^ 5I252R17 ^^2 

R3 R5 + Re RisRiRio R11R1R19 



9 R2 Re 



Rs + Re 



CJ-]"^ 



Vo 

V,N 



Rio 

Rl7 



323(-gH)[giog3.Rio| L,R2Ri2Ri7L3|]_.Re_ 2 

R3 \ Ri7 I IRisRi Ri7 -I 1 R1R11R19 \ Re /J Rs + Re 



o R2 

s^ + — - SWt + 



Re 2 

R3 R5 + Re 



Vo. 

V,N 



Rio 

Rl7 



R3I RisRii I RiRiiRi9\ Re /] Rs + Re 



T R2 Re 

s2+-^SCJi + 

R3 Rs + Re 



CJl'^ 
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ML2200, ML2208 Software Driver 



1.0 Introduction 

This application note presents a very simple software 
driver for the ML2200/ML2208 Data Acquisition 
Peripheral. As mentioned in the data sheet, under 
section 6.0 "Methods of Data Transfer to the 
Microprocessor", there are several ways to handle the 
A/D converted data output from the ML2200/ML2208; 
1) Data on Demand, 2) Polling; 3) Interrupt, or 4) DMA. 
This application note presents a driver for Data on 
Demand. 

An application using Data on Demand requires the 
A/D converted data at arbitrary times, as opposed to 
the other three methods of data transfer which 
requires the microprocessor to periodically read the 
data. The ML2200/ML2208 operating in a Data on 
Demand mode is not running continuously. Data on 
Demand would be more characteristic of a data 



acquisition application rather than a signal processing 
application which would need to sample a signal 
periodically in order to be able to reconstruct it. 

The driver is written in pseudo code, which is no 
particular language but should be easily translatable to 
any computer language. It is a step-by-step process of 
reading and writing values to ML2200/ML2208 registers. 

Four modules are covered: Initialization, Activate 
Conversion and Read Data, Self Test Diagnostic, Self 
Calibration Diagnostic, Power Down and Power Up 
Modules. Initialization covers power-up procedures 
and optionally may call Self Test and Self Calibration 
Diagnostic modules. Activate Conversion is the steady 
state module that is called each time the A/D data is 
desired. Power Down and Power Up are used only if 
this capability is desired. 



Initialization Mode (Power-On Initialization) 

1) Power on 

2) Write (40H) to Control Register 

3) Write (80H) to Control Register 

4) Wait 16,520 external clocks 

5) Read Status Register 

6) Is CLCP = 1, Yes: continue. No: go back to step 5 

7) Write (40H) to Interrupt Acknowledge Register 
-) Call (Self Calibration Diagnostic Module) 



8) Write 

9) Write 

10) Write 

11) Write 

12) Write 

13) Write 

14) Write 

15) Write 

16) Write 

17) Write 

18) Write 

19) Write 

20) Write 

21) Write 

22) Write 

23) , Write 

24) Write 



(88H) 
(08H) 
(26H) 
(01 H) 
(26H) 
(02H) 
(26H) 
(03H) 
(26H) 
(04H) 
(26H) 
(05H) 
(26H) 
(06H) 
(26H) 
(87H) 
(26H) 



to Index 
Window 
Window 
Window 
Window 
Window 
Window 
Window 
Window 
Window 
Window 
Window 
Window 
Window 
Window 
Window 
Window 



Register 
High Reg 
Low Reg 
High Reg 
Low Reg 
High Reg 
Low Reg 
High Reg 
Low Reg 
High Reg 
Low Reg 
High Reg 
Low Reg 
High Reg 
Low Reg 
High Reg 
Low Reg 



Reset 

Set Calibration 



CLCPAK 
OPTIONAL 



Use Program shown on last page figure 1 



Point to first 
instruction RAM use 
auto increment 
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25) Write (OAH) to Control Reg 



26) Write (OBH) to Control Reg 

27) Call (Self Test Diagnostic Module) 



set MSTR bit so 
that pulse goes out 
each conversion and 
put in DMA mode to 
facilitate reading 
data. 

Set Run bit 
OPTIONAL 

end of initialization module. 



Activate Conversion and Read Data Module 

(Called each time A/D converted data is desired) 



1) Read status register 

2) Is ISQ = 1? Yes: continue, No: go back to step 1 

3) Write (10H) to Interrupt Acknowledge Reg 

4) Wait (8 X 31.4 /js = 251.2 //s) 

5) Read status register 

6) DBR = 1? Yes: continue; No: go back to step 5 

7) Read Window Low Register save as High Byte 
Read Window Low Register save as Low Byte 

8) Go back to step 7 seven more times 

9) Return 



acknowledge ISQ 



; DMA mode allows 
; //P to read High and 
; Low bytes at same 
; address 



Self Test Diagnostic Module 

(Assumes the program in figure 1 is already loaded in the Instruction RAM as performed in the initialization module. 
When the SLFT bit is set, the diagnostic program is the same one as shown on page 22 of the data sheet. This 
module sets the SLFT bit, starts a conversion, then checks the data for the results.) 



1) Read Control Register 

2) Or (20H) 

3) And (7FH) 

4) Write back into control register 

5) Call (ACTIVATE CONVERSION AND READ DATA MODULE) 

6) Check selftest data 



(Note: these values may not be exact due to the potential noise in the system) 

7) Read Control Register 

8) And (5FH) 

9) Write back into control register 

10) Return 



Set SLFTST in 
; Control Register 
; don't set CAL bit 



Data = 
Data 1 = +1 
Data 2 = -1 
Data 3 = 



; clear SLFT bit 
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Self Calibration Diagnostic Module 

(This can be used to verify that the part is properly calibrated. It should be called bet\A/een steps 7 and 8 in the 
initialization module. This test is not necessary since each production part is fully tested before it is shipped.) 



1) Write (08H) to Index Register 

2) Write (88H) to Window High Register 

3) Write (60H) to Window Low Register 

4) Write (01 H) to Control Register 

5) Read Status Register 

6) Is ISQ = 1? Yes: continue, No: go back to step 5 

7) Write (10H) to Interrupt Acknowledge Register 

8) Read Status Register 

9) Is DBR = 1? Yes: continue, No: go back to step 8 

10) Write (OOH) to Index Register 

11) Read Window Low Register 

12) Is Data = Of FH? Yes: Failed Calibration, No: continue 

13) Write (OOH) to Control Register 

14) Return 



Point to the first 
Instruction 
Load with RDCAL 
Set RUN bit 
Wait for ISQ 

Start Program 

Wait for Data 
Point to Data 



: Take out of Run Mode 



Power Down Module 



1) Read Control Register 

2) And with (7EH) 

3) Write Control Register 

4) Read Status Register and Process any conditions 

5) Write (OFFH) to Interrupt Acknowledge Register 

6) POWER DOWN (PDN pin goes low) 

7) Return 



; Clear the Run Bit 



Clear all Interrupt 
Conditions 



Power Up Module (Coming from a Power Down State) 

1) POWER UP (PDN pin goes high) 

2) Wait (10 msec) 

3) Read Control Register 

4) Or with (01H) 

5) And with (7FH) 

6) Write to Control Register 

7) Return 



Set the Run Bit 





Last 


ALRMEN 


Mode 


CHAN 


Cycle 


Gain 


REF 


SEQO 








Intra Sequence 
Pause 


CHO 


13 


1 


Internal 


SEQ1 








Immed Execute 


CHI 


13 




internal 


SEQ2 








Immed Execute 


CH2 


13 




internal 


SEQ3 








immed Execute 


CH3 


13 




Internal 


SEQ4 








Immed Execute 


CH4 


13 




Internal 


SEQ5 








Immed Execute 


CHS 


13 




Internal 


SEQ6 








Immed Execute 


CH6 


13 




Internal 


SEQ7 


1 





Immed Execute 


CH7 


13 




Internal 



Figure 1. ML2208 Program Used in Driver 
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SECONDARY 

INDEX 
REGISTER 

VALUE 
(RS4-RS0) UPPER BYTE LOW 

( 00000 



ADDRESS 


BIT 7 


BIT 6 


BITS BIT 4 BIT 3 BIT 2 


BIT1 


BITO 


READ /WRITE [ 


000 


D7 


D6 


D5 1 D4 1 D3 1 D2 


D1 


DO 1 






WINDOW LOW REGISTER 






READ/WRITE [ 


00, 


D15 


D14 


D13 1 D12 1 D11 1 D10 


D9 


DO 1 






WINDOW HIGH REGISTER 






READ/WRITE f 


010 


AUTOI 


**!**! RS4 1 RS3 1 RS2 


RSI 


RSO 1 






INDEX REGISTER 






READ/WRITE [ 


oil 


CAL 


RESET 


SLRST 1 TCLK 1 DMA J LOBYT 


MSTR 


RUN 1 






CONTROL REGISTER 






READ ONLY [ 


100 


INT 


CLCP 


RNER 1 ISQ 1 OVRN | ALRM 


OVRG 


DBR 1 






STATUS REGISTER 


WRITE ONLY \ 


100 


^ 


CLCPAK 


rnerakI isqak IovrnakIalrmak 


OVRGAK 


dbrakI 






INTERRUPT ACKNOWLEDGE REGISTER 


readonly! 


101 


*1 


1 


1 I 1 1 1 1 SR2 


SRI 


SRC 



D15 D8 


D7 DO 































10000 L 

10001 ~ 
10010 

10011 C 



t 



SEQUENCE REGISTER 



♦Writing this bit has no effect 

** Write a zero to these bits 
read back ones 



a 



DATA RAM 

^8 X 16A/D DATA (READ) 
16-BIT CAL (WRITE) 



. INSTRUCTION RAM 

^ 8 X 16 OPERATION REGISTERS 



U 16-BIT TIMER VALUE 



16-BIT ALARM A VALUE 
16-BIT ALARM B VALUE 
UPPER BYTE 

8-BIT INTERRUPT ENABLE 
LOWER BYTE 

8-BIT ALARM CRITERIA 



Figure 2. ML2200/ML2208 Registers 



15 


14 


13 


12 


11 


10 


9 


8 


7 


6 


5 


4 


3 


2 


1 





LAST 


ALRMEN 


MDE2 


MDE1 


MDEO 


CH2 


CHI 


CHO 


SC2 


SCI 


SCO 


GN1 


GNO 


REF2 


REF1 


REFO 



MODE SELECT 

000 = IMEDIATE EXECUTE 

001 = INTRA SEQUENCE PAUSE 
010 = START ON NEXT TIMEOUT 
Oil = PRESET TIMER/START ON 

TIMEOUT 
100= EXTERNAL SYNC/TIMER 

PRESET/TIMEOUT 
110= ILLEGAL 
111= ILLEGAL 







"V^ 




INPUT CHANNEL SELECT 


CYCLE SELECT 


GAIN SELECT 


REFERENCE SELECT 


000 = CHANNEL 


000 = 16 BITS 


00 = 1 


000 = CHANNEL 


001 = CHANNEL 1 


001 = 13 BITS 


01 = 2 


001 = CHANNEL 1 


010 = CHANNEL 2 


010 = 8 BITS 


10 = 4 


010 = CHANNEL 2 


011 = CHANNEL 3 


011 = READ CAL CODE 


11 = 8 


011 = CHANNEL 3 


100 = CHANNEL 4 


111 = WRITE CAL CODE 




100 = CHANNEL 4 


101 = CHANNEL 5 






101 = CHANNEL 5 


110 = CHANNEL 6 






110= INTERNAL Vref 


111 = CHANNEL 7 






111 = ILLEGAL 



Figure 3. ML2208 Bit Map of instruction RAM 
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Introduction 

Although fiberoptic technology has been around for 
some time, its cost and the lack of standardization has 
hindered its widespread application, until recently. The 
introduction of new integrated circuits developed 
specifically for fiberoptic systems has lowered the 
costs, making fiberoptic links more competitive. 
Applications in Telephony, LANs, WANs, and point to 
point high speed interfaces, have helped make 
fiberoptics one of the fastest growing segments in the 
electronics market. 

Micro LInear's fiberoptic products can be used to 
implement a range of different fiberoptic interfaces. 
Data rates up to 100 Megabaud which are compatible 
with ECL or TTL are achievable using a single 5 volt 
supply. Most of the applications for these products 
require bandwidths above 1MHz, where the quality of 
the interface can be compromised with a poor 
implementation. With this in mind, having a thorough 
understanding of fiberoptics will significantly contribute 
to the success of a circuit design. This application note 
will address the transmit and receive circuits, some 
important PC board layout techniques, and will 
conclude with a sample circuit and board layout. 

Fiberoptics 

Fiberoptic systems have several key advantages over 
their wire equivalents, which account for the continued 
effort to make them practical in more applications. The 
most significant advantage is the low level of attenuation 



seen with high frequency signals. This feature allows a 
higher degree of multiplexing than is achievable using 
wire. This is exactly what is needed for long distance 
telephone lines and computer networks. Other 
attractive features include a lack of RFI radiation and a 
low sensitivity to EMI noise. These characteristics make 
it easier to meet FCC regulations and increase the 
security of data transmissions. 

In a fiberoptic system (figure 1) digital data is coded 
into a serial bit stream represented by bursts of light 
from a laser diode or LED. This light is channeled by 
the fiber to a PIN photodiode at the receiver which is 
sensitive to the frequency of the light transmitted. 
Because light effects the reverse current flow through 
a PIN photodiode, a transimpedance amplifier is 
required to convert this current to a voltage and boost 
the low level signal to something usable. A quantizing 
circuit usually follows because variable fiber lengths 
and conditions will distort the signal. The Quantizer 
squares the signal and conforms to standard interface 
levels (ECL or TTL). 

Fiberoptics is not a perfect interface, though. The 
signal level can be attenuated by insertion loss at the 
transmitter and receiver, connector loss, and 
transmission loss. These losses limit the maximum 
length of the fiber and affect the requirements of the 
transmitter and receiver. In order to accommodate a 
worst case situation, a flux budget should be 
developed so that minimum circuit performance levels 
can be ascertained. 
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Figure 1. 
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Defining a Flux Budget 

10 log (— ) = aoL + ajc + acR + "o^cc + ccm 

0R 

A flux budget is a mathematical representation of the 
optical power in a fiberoptic system. It accounts for 
connector losses, attenuation due to fiber length, and a 
safety margin defined by the designer. Defining this 
budget is one of the first things that should be done 
when designing a fiberoptic link. 

Each of the terms is defined as follows: 

0T is the flux OwW) available from the transmitter 

0R is the flux (//W) required by the receiver 

ao is the fiber attenuation constant (dB/km) 

L is the fiber length (km) 

ajc is the transmitter-to-fiber coupling loss (dB) 

ace 's the fiber-to-fiber loss (dB) for in-line connectors 

n is the number of in-line connectors 

orcR is the fiber-to-receiver coupling loss (dB) 

aM is the safety margin (dB) 

A graphical representation of the flux budget is shown 
in figure 2. Option (a) depicts the use of in-line 
connectors. Option (b) is without them. 



To keep power consumption at a minimum, the 
appropriate starting point is the minimum acceptable 
signal level at the receiver. This minimum received 
power level, summed with several interface losses gives 
the minimum output power of the LED. If the fiber 
length can vary in a given system then the dynamic 
range of the receiver is important and the maximum 
received power must also be calculated. 

Dynamic Range 

The dynamic range of the receiver must be large 
enough to accommodate all the variables a system may 
present. Figure 3 shows an example dynamic range 
calculation for transmission distances ranging from 10 
meters to 1000 meters with 12.5dB/km cable, and up to 
two in-line connectors. 



aiFn = 


LED output variation 


= 


7.0dB 


O^LDC = 


= LED driver variation 


= 


2.2dB 


croL = 


1km X 12.5dB/km 


= 


12.5dB 


norrc 


= 2 X 2dB 


= 


4.0dB 


m 




= 


3.0dB 


Thermal Variations 


= 


I.OdB 



Dynamic Range 



29.7dB 



Figure 3. 



- ajc — INSERTION LOSS, TRANSMITTER 

- acR — INSERTION LOSS, RECEIVER 

«CC — IN-LINE CONNECTOR LOSS 

aol — TRANSMISSION LOSS 
Cm — FLUX MARGIN 







5 10 15 20 25 30 35 40 45 50 
L — FIBEROPTIC LENGTH - METERS 



Figure 2. 



The Circuit Design 

The combination of low receiver input sensitivity with 
significant dynamic range requires the receiver to have 
two important features: amplitude control and AC 
coupling. 

An offset voltage in the receiver will reduce its 
sensitivity by not allowing low level signals to trigger 
the digital output circuit. The circuit in figure 4 
contains both AC coupling between the 
transimpedance and limiting amplifiers, and a DC 
restoration loop around the limiting amplifiers. These 
two features keep the offset voltage through the 
receiver to an absolute minimum, thus maximizing 
sensitivity. 




LIMITING AMP 



r 




DC 
AMP 



COMPARATOR 

-TTL DATA OUT 




Figure 4. 
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In order to handle a wide dynamic range, like 50dB, 
special attention must be given to the receiver circuit 
design. Applying a large input signal to a typical 
amplifier can cause the transistors in the signal path to 
saturate resulting in pulse width distortion and 
reduced bandwidth. Some technique of controlling the 
amplitude must be incorporated in order to protect 
the signal integrity. 

Amplitude control can be achieved with either an AGC 
circuit or with the use of limiting amplifiers. An AGC 
circuit keeps the transistors out of saturation by 
reducing the gain of the circuit as the signal amplitude 
increases. A limiting amplifier simply limits the signal 
amplitude to a point before saturation. This technique 
results in a simpler, higher bandwidth design and so 
was chosen by Micro Linear. 

Data Format 

The data format is important since it affects the 
bandwidth and duty cycle which the interface must 
accomodate. There are many ways to code data in a 
serial format. Some codes allow unlimited consecutive 
symbols while others do not. Those that do not are 
called Run-Length-Limited (RLL) codes. A fiberoptic 
interface which incorporates AC coupling to increase 
sensitivity can only pass RLL type codes. The particular 
run-length-limited code chosen must be considered 
carefully since it will affect the bandwidth of the 
system. 

Manchester code is popular in AC coupled systems 
because it has a 50% duty cycle and can be encoded 
and decoded with relatively simple circuits. In 
Manchester code two symbols are used for each bit 
transmitted. This doubles the fundamental frequency 
which the interface must handle. A more efficient RLL 
code is 4B5B. This code uses 5 symbols to send 4 bits. 
This represents an increase in efficiency from 50% 
(Manchester) to 80% (4B5B). A fiberoptic interface which 
will transmit 40 Megabits per second using 4B5B coding 
must accomodate 50 Megabaud (symbols per second). 
Since there are always 2 symbols per cycle the 
minimum system bandwidth is 25 Megahertz. If 
Manchester code was used to transmit 40 Megabits per 
second the interface would have to handle 80 
Megabaud or a minium bandwidth of 40 Megahertz. 

Bandwidth 

From the example just described you can see how the 
code chosen effects the minimum bandwidth of the 
fiberoptic Interface to be designed. The optimum 
system bandwidth is actually somewhat higher though 
due to four conflicting concerns: noise, intersymbol 
interference, power, and bit error rate. 

If an interface were designed with a 3dB bandwidth 
equal to the minimum bandwidth as described above, 
level transitions would be smooth, like a sine wave. 



This is not desirable for a digital signal. Also, smooth 
rise and fall times will cause interference between 
adjacent symbols resulting in a distortion of the output 
signal. This Is known as intersymbol interference. A 
fiberoptic Interface with a higher bandwidth will have 
faster rise and fall times and less intersymbol 
interference. On the other hand, a higher bandwidth 
will increase the noise on the output signal. When you 
combine these two opposing effects with the desire for 
low power and a low BER (Bit Error Rate) (which also 
conflict), an optimum bandwidth can be derived. The 
curve in figure 5 indicates the optimum bandwidth is 
about 50% higher than the minimum bandwidth. 



RECEIVED OPTICAL POWER 
FOR CONSTANT BER 




MINIMUM 
OPTICAL POWER 
FOR SPECIFIC BER 

-^ BANDWIDTH 



1.5 (MIN BW) 



Figure 5. 

Transmitter Design 

The light source can be either a laser diode or an LED. 
Because a laser diode has such a narrow spectrum of 
radiant light it Is called a Single Mode light emitter. 
Multi Mode light emitters radiate a wider spectrum of 
light. LEDs are Multi Mode and as such suffer from a 
higher level of chromatic dispersion, caused by 
different propagation velocities for light of different 
wavelengths. This is the dominant bandwidth limiting 
factor for LED driven fiberoptic links. Light emitting 
diodes have an emission spectrum on the order of 40 
to 60nm full width at half maximum amplitude centered 
at 820nm. On the other hand, LEDs are much cheaper 
than laser diodes and can be modulated in the 100MHz 
range, making them suitable for short to medium 
distance communications such as LANs and point-to- 
point computer interfaces. 

LEDs are current driven devices so a current 
modulation circuit is needed to use the LED as a data 
transmitter. In applications where the data rate is less 
than 10MHz a circuit similar to figure 6 will be 
adequate to drive the LED without a significant amount 
of pulse width distortion. Unfortunately, LEDs do not 
turn on or off linearly nor are their rise and fall times 
equal. For data rates above 10MHz these characteristics 
need to be considered in order to get the best possible 
performance. 
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VCC - Vf - VCE 



Figure 6. 

Two techniques which can be used to improve the 
turn-on time of an LED are "pre-bias" and "drive 
current peaking". Pre-bias is a small forward voltage 
applied to the LED in the "off" state. This voltage 
prevents the junction and parasitic capacitances from 
discharging completely when the LED is in the "off" 
state, thus reducing the amount of charge that the 
driver must transfer to turn the emitter back on. Drive 
current peaking is a momentary increase in LED 
forward current that is provided by the driver during 
the rising and falling edges of the current pulses that 
are used to modulate the emitter. The time constant of 
this peaking circuit needs to be equal to the minority 
carrier lifetime of the emitter so that the rise and fall 
times will be improved without causing excessive 
overshoot of the optical pulses. Figure 7 shows the 
problems which can result from excessive peaking. 



duirng turn-on. The capacitor in this circuit has the 
effect of connecting R3 in parallel with R2 for a short 
time during level transitions. This momentary condition 
allows additional current to flow through R3 and the 
LED. By matching the R3C time constant to the minority 
carrier lifetime of the LED, peak performance is 
achieved. 



vcc 




T^ 



R2 



I VvV- 

C R3 



^ 
^ 



Figure 8. 

LEDs are characteristically harder to turn off than to 
turn on. This phenomenon is commonly refered to as 
the long-tailed response, and is depicted in figure 9 as 
it relates to transmitted optical power. Circuits such as 
the one in figure 6 exhibit this problem because there 
is no low impedance path to dissipate the stored 
charge in the LED when turning off. In order to 
compensate for this an active pull down configuration 
should be used. For the circuit in figure 8, this can be 
achieved by using an input buffer with a totem pole 
output structure. When the DATA signal is low, the 
lower transistor of the totem pole is active. Acting as a 
current sink, this device provides a low impedance path 
for the charge stored in the LED junction, reducing 
pulse-width distortion and the magnitude of the long 
tail. 




OPTICAL OVERSHOOT DUE TO EXCESSIVE 
PEAKING OF THE LED DRIVE CURRENT 



Figure 7. 

The circuit in figure 8 implements both the pre-bias 
and peaking techniques described above. When the 
DATA signal is low the voltage divider created by R^ 
and R2 can be set-up so the voltage between R^ and R2 
is slightly less than the LED turn-on voltage. This pre- 
bias voltage prevents the LED capacitance from 
discharging completely which allows the LED to turn 
on faster because less time is required to completely 
charge the junction capacitance. The time to 
completely charge the LED can be reduced further by 
increasing the amount of current flowing in the LED 



1" 




Figure 9. 
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The ML4631 LED Driver 

The ML4631 (figure 10) uses a circuit topology similar to 
figure 8. With no external components this circuit will 
provide 60mA DC forward current to the LED during 
the "on" state and maintains a pre-bias voltage of about 
1.1V during the "off" state. By adding a small external 
capacitor, the peaking effect described earlier can be 
induced. A proprietary high speed driver, utilizing 
schottky devices and a clamped internal supply, is used 
to drive the RC network. An enable pin is provided for 
gating the DATA signal. The output of the Driver is 
capable of sinking or sourcing 100mA at lOOMBd. 




Figure 10. 

Because all the nodes around the resistors are available 
to the user, the LED forward current can easily be 
modified using the following equations 



Ri = 



Vcc - 4.7Vf + 10.73 



R __L _ 2 
3.7 

R3 = R2 - 4 

2ns 



R2 + R3 



(1) 
(2) 
(3) 
(4) 



In equation 1, Vp is the forward voltage drop of the 
LED when a forward current of I p is passed through it. 
The values for Ri, R2, and R3 were chosen for the 
ML4631 by setting Ip to 60mA, Vp to 1.8V and solving 
the above equations. Since the forward voltage drop of 
an LED is related to the forward current, a graph of 
their relationship is usually provided in the LED data 
sheet. The graph of Ip vs Vp for the Hewlett Packard 
HFBR-1414 is shown in figure 11. If a different forward 
current is desired, the corresponding forward voltage 
drop should be used in equation 1. 
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ik^ 
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h 











1.2 1.4 1.6 1.8 2.0 2.2 

Vf — FORWARD VOLTAGE — V 

Figure 11. 

Different configurations can be used to set the DC 
current up to approximately 100mA. Since the forward 
current supplied to the LED comes not only from the 
Driver output but also from Vcc through R^, it would 
appear the maximum Ip achievable is more than the 
100mA output spec of the Driver. However, because of 
the additional peaking current and the tolerance on the 
output drive current, the practical design limit is 
typically about 100mA. 

Operating the ML4631 as shown in figure 10 will 
produce an LED forward current of about 60mA + 35%. 
This range is mainly due to the 20% tolerance of the 
resistors in the output stage. Using one or two 1% 
external resistors will substantially improve the accuracy 
of Ip. Figure 12 shows several configurations with 
various Ip levels and accuracies. Each of these examples 
uses at least one on-chip resistor, usually configured as 
the R3 in figure 8. Since R3 affects only the peaking 
current, its accuracy is less critical and does not affect 
the steady state forward current at all. For complete 
flexibility, the high speed Driver output is available to 
drive an external RC network. 



If = 60mA ± 35% 




Figure 12a. 
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62 =f: 17pF 

I— VA 1 it 



2[> 



Figure 12b. 




If = 55mA ± 13% 



Figure 12c. 




If = 105mA ± 13% 



Figure 12d. 




If = 64mA ± 26% 




Figure 12e. 



Figure 12f. 

Note: Tolerance calculations were made with the following 
assumptions: 

1) On-chip resistor tolerance is ±35% to account for process 
and temperature variations over 0-70°C. 

2) Off-chip resistor tolerance is ±1%. 

3) Power supply is 5.0V ± 10%. A 5V ± 5% supply will 
improve the Ip tolerance values shown above by ±3%. 

4) Vp = 1.8V. 

Receiver Design 

For optimum performance the receiver needs to 
combine a wide dynamic range (about 50dB), high 
sensitivity (down to l/uW), high bandwidth (50MHz) 
and compatibility with standard digital interfaces (ECL 
or TTL). Another feature which is required in some 
fiberoptic systems is a Link Monitor. This circuit 
monitors the input level and sets a flag and/or 
disables the digital output when the input falls below 
a predetermined point. 

The four major functional blocks of a receiver are the 
optical to current conversion, the current to voltage 
conversion, the analog to digital conversion, and the 
Link Monitor. A PIN photodiode and a transimpedance 
amplifier can be used to perform the first two 
functions while the third and fourth require several 
discrete standard devices and a significant amount of 
design effort or one of Micro Linear's Quantizer 
products. 

There are several manufacturers of discrete PIN 
photodiodes and transimpedance amplifiers which are 
suitable for this application. Some of these 
manufacturers offer both functions in a single module 
compatible with fiberoptic connectors. These 
modules, like the Hewlett Packard HFBR-24X6, isolate 
the most noise sensitive section of the receiver, the 
PIN photodiode to transimpedance amplifier 
connection, and protect it from outside influences. In 
addition, they are relatively low cost, and eliminate 
the need to design the fiberoptic connector hardware. 

The output of these receiver modules is a low level 
analog voltage which is directly proportional to the 
incident optical power. This signal needs to be 
amplified, squared-off, and appropriately level shifted 
(for ECL or TTL outputs). As described earlier, a 
limiting amplifier can be used in this application to 
accomodate a wide input dynamic range while 
maintaining a high bandwidth. 
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Building a high speed analog to digital conversion 
circuit which must perform over a wide dynamic range 
with low offsets using off-the-shelf components is 
difficult. Furthermore, a worst case analysis may be 
impossible because some of the parameters critical to a 
fiberoptic receiver design, such as input offset and 
input referred noise are not always included in the 
discrete component specifications. The typical 
bandwidth of these devices may be known but the 
minimum is not always guaranteed, yet this is required 
for a worst case analysis. 

The ML4621, ML4622, and ML4623 Quantizers 

The ML4621, ML4622, and ML4623 Quantizers eliminate 
these problems by providing a monolithic solution. All 
three products include a limiting amplifier front end, a 
comparator output section and a Link Monitor. The 
ML4621 is the most flexible circuit. The differential data 
path between the amplifier section and the comparator 
section is available to the user for filtering or wave 
shaping. In addition, both ECL and TTL outputs are 
available, and the Link Monitor peak detector can be 
controlled with an external current source or the value 
of the peak detector capacitor. 

The ML4622 and ML4623 are more application specific. 
The ML4622 has an ECL output while the ML4623 has a 
TTL output. In both products the node between the 
amplifier and comparator is not brought out to the 
user, and the Link Monitor peak detector can be 
controlled only by the value of the peak capacitor. Like 
the ML4621, the ML4622 (ECL output) was optimized for 
speed (65MHz typical) while the ML4623 (TTL output) 
was optimized for low power (40mA typical). Both fit in 
a 16 pin SOIC package. 



Input Amplifier Section 

All of the Quantizer products have a two stage limiting 
amplifier with a DC restoration feedback loop. Figure 13 
shows this input circuitry in detail. The two input 
coupling capacitors C-] and C2 perform two important 
functions. First they eliminate any offset voltage created 
by the transimpedance amplifier, and in addition they 
create a high pass filter at the input of the Quantizer. 
This filter establishes the low corner frequency, fL, of 
the Quantizer's 3dB bandwidth. 



1 



27r 8000 C 



(C = Ci = C2) 



(5) 



8000 represents the parallel combination of the DC bias 
setting resistors 10K and 35K. Using a 0.1//F capacitor for 
Ci and C2 establishes a corner frequency at about 
200Hz. C4 and C5 control the high corner frequency, 
fH. 

^H-~^ (C = Q = C3) (6, 

425 represents the internal impedance at nodes CF1 
and CF2. Using a 20pF capacitor for C4 and C5 
establishes a corner frequency at about 19MHz. If CF1 
and CF2 are left open the high corner frequency will 
be >50MHz for the ML4621 and ML4622, or >40MHz 
for the ML4623. 




±:lOpF 



Figure 13. 
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The bandwidth of the receiver, as defined by fn - f\j 
can be adjusted to the particular needs of different 
systems. The high pass filter not only eliminates DC 
offsets but also reduces any low frequency power 
supply noise picked-up in the transimpedance amplifier 
and associated traces. The low pass filter reduces high 
frequency noise which directly effects the signal to 
noise ratio and thus the sensitivity of the receiver. Since 
these circuits were designed for maximum bandwidth, 
some band limiting should be used as indicated in 
figure 5 to maximize sensitivity. 

Although the Input is AC coupled, the offset voltage 
within the limiting amplifiers will be present at Vout+ 
and VouT- This is represented by Vqs in figure 14. In 
order to reduce this error a DC feedback loop is 
incorporated. First, the DC component of VouT+ and 
Vqut- 's developed through an RC filter of 25K and 
10pF. Then a difiference amplifier circuit with a gain of 
10 is used to provide a single ended signal, stored in 
C3, which can be fed back into the inverting input 
terminal. This negative feedback loop nulls the offset 
voltage, forcing Vqs to be zero. 



VoUT+ 



VoUT 



JlzFLFbi 

Vc 



Figure 14. 

Although the value of C3 is non-critical, the pole it 
creates can effect the stability of the feedback loop. In 
order to avoid any stability problems the value of C3 



should be at least 100 times smaller than C^ and C2. In 
some systems C3 can actually be eliminated due to the 
dominant effect C^ and C2 have on the loop. 

The limiting amplifiers have a maximum output voltage 
swing of about 700mVp_p. Since the gain of the 
amplifiers is 75, input signals greater 9mV will be 
clipped at about 2.7V and 3.4V. Typically this signal is 
connected directly to the comparator inputs, as in the 
ML4622 and ML4623. If some filtering or wave shaping 
is desired between the amplifier output and the 
comparator input, the ML4621 should be used since 
these nodes are brought out to pins. If AC coupling is 
involved, the DC bias must be reestablished between 
(GND + 2V) and (Vcc - IV). Also, the loading on VouT+ 
and Vqut- should be kept below 3mA, and be aware 
that CMP+ and CMP- will sink about 25//A. 

Output Comparator Section 

The ML4621 has both ECL and TTL outputs. If the ECL 
output Is to be used, the power to the TTL output 
section can be removed by connecting Vcc TTL and 
GND TTL to Vcc- This will reduce the Vcc supply 
current by 5 to 10mA. The Quantizer can be powered 
by -5.2V (Vcc = OV and GND = -5.2V), which produces 
standard ECL output levels, or +5V (Vcc = +5V and 
GND = OV), providing raised ECL levels. The ECL 
outputs on the ML4621 can source up to 10mA, so a 
200Q load tied to -2V (below Vcc) can be 
accommodated. If a -2V supply is not available, 
connecting the ECL output to GND through a SIOQ 
resistor, and to Vcc through a 330n resistor will 
provide the same voltage swing as 200n tied to -2V 
(see figure 15). If the standard ECL load of 50Q tied to 
-2V is required the ML4622 can be used. 
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Figure 15. 



10-44 



^^ Micro Linear 



Application Note 6 



The output comparator is gate d with the CM P ENABLE 
pin which is active low. When CMP ENABLE is high, 
ECL+ is held high, ECL- is held low, and TTL OUT is 
held high. If the Quantizer is powered by +5V and 
ground then any external TTL compatible signal can be 
used to control this pin. If a -5.2V supply is used, the 
signal sh ould be appropr iately level shifted. In either 
case, the TTL LINK MON pin can be used to d rive the 
CMP ENABLE pin directly. The TTL LINK MON is an 
output signal from the Minimum Signal Discriminator 
circuit providing the Link Monitor function. 

Link Monitor Section 



The TTL LINK MON and ECL LINK MON pins both 
provide an output signal indicating when the input data 
signal is below a user defined acceptable level. Under 
normal operating conditions this output will be low, 
indicating the data is of acceptable a mplitude. The 
voltage levels on the TTL LINK MON pin are TTL 
compatible if the power su pply is +5V. With a -5.2V 
supply the ECL LINK MON o utput pin will pr ovide 
single ended ECL levels. The TTL LINK MON pin can 
also be used to drive an LED, providing a visible link 
status indicator. This pin can sink up to 10mA. 

The Minimum Signal Discriminator circuit contains a 
peak detector, a comparator, and output level shift 
circuitry (figure 16). The droop rate of the peak 
detector is: 



dV 
dt 



hsET 



The peak detector droop rate can be controlled 
adjusting either the value of Ce at the Creak P'" of hsET 
at the IsET P"^- '^ Inom "s connected to IseT/ 'iset will be 
125//A. The ML4622 and ML4623 make this connection 
internally so Inom and Iset are not available to the user. 
The droop rate for these products can be adjusted with 
Ce. The ML4621 has these extra pins, which allows the 
user to set I|set with an external resistor, Rext/ tied 
between Iset and Vco I iset would then be: 



'ISET = 



Vcc - 0-7 
Rext + 1700 



(8) 



The output of the peak detector is a DC voltage 
proportional to half the peak-to-peak voltage between 
VouT+ and Vqut- I^ this signal is larger than the 
volt age provided by the Threshold Gene rator circuitry 
the TTL LINK MON and ECL LINK MON pins will both 
be low. 

The Threshold Generator level shifts the reference 
voltage at VthADJ through a circuit which has a 
temperature coefficient matching that of the limiting 
amplifiers. This improves the accuracy of the Link 
Monitor over temperature. The relationship between 
VthADJ and Vth (the minimum voltage at the input 
which will trigger the Link Monitor) is: 

ML4621: VthADJ = 600Vth + 0.7 (9) 

ML4622 & ML4623: VthADJ = 375Vth (10) 



(7) 



MINIMUM SIGNAL DISCRIMINATOR 



CONNECTED 
INTERNALLY 
ON THE ML4622 
AND ML4623 




Figure 16. 
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In these equations Vjh is the peak value of the input 
signal. The operating range over which these equations 
apply is Indicated by the graphs in figure 17. The on- 
chip reference voltage, Vref^ can be tied directly to 



ML4622, ML4623 




VthADJ (V) 

Figure 17. 

VthADJ to set the threshold level. This 2.5V low 
impedance source will set the threshold at its maximum 
allowable level as indicated in the graph. A lower 
threshold level can be set by dividing down Vref with a 
resistor string, as in figure 18. On the ML4622 and 



Vref 



-> VthADJ 



i 



Figure 18. 

ML4623, VjhADJ is a high impedance node so the 
equation for the resultant VjhADJ voltage is simply: 



ML4622 & ML4623: VjhADJ = Vref 



Rl + R2 



(11) 



Figure 19 shows the input circuitry at VjhADJ on the 
ML4621. This circuit has a relatively low input 
impedance of 6.8K and is offset by one diode drop. A 



VthADJ o 




resistor divider can still be used to drive this point but 
a different equation, which accounts for the load and 
offset, must be used: 



ML4621: 



VthADJ 



R2(68Q0Vref + O.ZR-i) 
6800(Ri + R2) + R1R2 



(12) 



If, for example, you were using the ML4621 and you 
wanted the Link Monitor to trigger when the received 
optical power went below lyt/W (-30dBm), you first 
need to calculate the resultant voltage at V||s|+ and V|n_. 
If you were using the HFBR-24X6 Fiberoptic Receiver 
with a responsivity of 8mV///W, the peak-to-peak voltage 
would be: 



1/iW X 8mV///W = 8mVp_p 



(13) 



So the Link Monitor should trigger at some point 
slightly lower than 4m V peak, say 3m V The reference 
voltage at VthADJ should then be: 



VthADJ = 600(.003) + 0.7 = 2.5V 



(14) 



This is a convenient value since the reference voltage 
supplied by the Quantizer, Vref/ is 2.5V. Thus, shorting 
Vref to VthADJ on the ML4621 will set the minimum 
input signal level at about 3mV. On the other 
Quantizers this will set the level at about 6.5mV 
(equivalent to 1.6/iW input power). 

The Link Monitor has about 0.4mV (peak) hysteresis 
built-in. VthADJ in equations 9 and 10 is the high 
threshold level (the trigger point when the input 
voltage is rising). The low threshold level (the trigger 
point when the input voltage is falling) is about 0.4m V 
less than the levels given in these equations. More 
hysteresi s can be induced by connecting a resistor 
between TTL LINK MON and VthADJ creating a 
positive feedback loop. 

A Sample Circuit 

The circuit in this section (figure 20) is a point-to-point 
fiberoptic Interface designed to pass 20MBd data over 
1 kilometer of 62.5/125/t/m fiber cable. The main 
components are the ML4631 LED driver, the HFBR-1414 
LED, the HFBR-2416 Receiver, and the ML4621 
Quantizer. Choosing -30dBm for the minimum received 
optical power makes equations 13 and 14 applicable 
and allows Vref to be used to set the Link Monitor. 

Applying figure 5 to the 20MBd data rate yields an 
optimal bandwidth of about 15MHz. Using equation 6, 
the value for C4 and C5 is derived by setting fn equal 
to 15MHz and solving for C. The lower corner 
frequency, fL, should be chosen so that, at least, any 
60Hz line noise is filtered out. Choosing 0.1//F for Q 
and C2 will set the lower corner at 200Hz (equation 5). 
C^ should be at least 100 times smaller than C-. and C2 
so .OOlywF is a good choice. 



Figure 19. 
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Figure 20. 



The only external component left to calculate is Ce. 
Since the baud rate is 20MBd, the time between peaks 
in the Link Monitor's peak detector is 50ns. If no more 
than 0.1% droop is acceptable under the worst case 
conditions (when the input signal is the smallest), and 
the internal current source I|sej is used, then C^ is 
calculated as follows: 

Smallest input signal = 3mV 

Gain through amplifiers = 75 

Smallest voltage at Vout+ and Vqut- = 
3mV X 75 = 225mV 

Smallest acceptable droop voltage = 
0.1% X 225mV = 225//V 

225AfV 

Slowest acceptable droop rate = = 4.5V//js 

50ns 

125M 

Smallest Ce = = .028//F 

4.5V//ys 

A 0.1//F capacitor is a convenient acceptable value for 
this application. 

Now that the minimum received power is known, a 
flux budget can be developed for the interface, and the 
required optical power from the LED can be derived. 
Since the output power of the HFBR-1414 is specified 
out of a short length of fiber attached to the LED unit, 
no ajc term is required in the flux budget. If no in-line 
connectors are used and the remaining terms are: 

0R = ^f^N 
ao = lOdB/km 
L = 1km 
crcR = 0.2dB 
otm = 3.0dB 

solving the flux budget equation for <pj yields: 



0T 
10 log — = aoL + orcR + ctm (15) 



0T 
10 log -^-^ = 10(1) + 0.2 + 3 = 13.2dB 

log 0T - iog 1/iW = 1.32 

log 0T + 6 = 1.32 

log 0T = -4.68 

0T = 20.9/iW (-le.BdBm) 

The HFBR-1414 has a minimum Peak Output Optical 
Power of 31.6^fW (-15dBm) when coupled to a 
62.5/125/im fiber cable, and when a forward current (Ip) 
of 60mA is applied. Since the optical output power vs. 
forward current relationship of the LED is approximately 
linear, the forward current required to get the 
minimum output power, 31.6//W, can be calculated as 
follows: 



20.9/iW 
31.6/uW 



X 60mA = 40mA 



(16) 



The ML4631 is preconfigured to output a minimum of 
44mA (60mA typical, 80mA max) so no external 
components are required in this application. Of course, 
as mentioned earlier, an external peaking capacitor can 
be added to improve the rise and fall times. 

Now, to make sure there is no chance of saturating the 
receiver with too much power, a dynamic range 
calculation is in order. Since there are no in-line 
connectors and the cable length is fixed, the only 
dynamic range components are the thermal variations 
iaj), the user defined system margin (a/vi), the LED 
output power tolerance (atEo)/ a"d the LED drive circuit 
tolerance (ctldc)- 
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CClDC = 10 log 



aLED = 10 log 

O^LDC 
O^LED 



80 
(-12dBm) 

602 

44 

— (-12dBm) 

60 

-9dBm 



= 2.6dB 



-16dBm 



■■ ZOdB 



(17) 



(18) 



= 2.6dB 

= 7.0dB 

= 3.0dB 

= I.OdB 



Dynamic Range: 13.6dB 

So the maximum input power (0tmax) the HFBR-2416 
Receiver will see is: 



^^ , 0TMAX ^^^.r, 

10 log = 13.6dB 

^ 1//W 

0TMAX = 22.9//W 



(19) 



This is well below the ISOa/W maximum spec for the 
HFBR-2416, and the resultant output voltage is 

22.9/t/W X 8mV///W = 183.2mVp_p (20) 

This is well below the 1.4V maximum input voltage of 
the ML4621. 

The Board Layout 

it's important to use good layout techniques when 
creating the PC board for this, or any, high speed 
circuit. In addition to speed, the receiver In this circuit 
handles low level signals, making it especially sensitive 
to noise, ground loops and parasitic feedback paths. All 
Micro Linear Quantizers employ a fully differential data 
path which helps reduce the sensitivity to noise in the 
system. Because this Is a high gain circuit, parasitic 
feedback from the high-level logic-compatible output 
must be kept to a minimum in order to prevent 
undesired oscillations. This is accomplished with layouts 
which physically separate the receiver inputs and 
outputs. Power supply filtering should be used to 
ensure the power busses don't provide a feedback path 
that will degrade the stability of the receiver. Also, a 
ground plane is strongly recommended to minimize the 
inductance of the supply return paths. 



The effect of the ground plane is maximized by 
locating it on the same side as the components, and 
maintaining a ground path between all adjacent pins. 
Figure 21 shows the foil pattern used on an ML4621 
demo board. Note the full ground plan and the paths 
between pins on the IC. 




Figure 21. 

The importance of good construction and layout 
techniques cannot be over-stressed. Layout designs that 
result in excessive parasitic inductance and capacitance 
will degrade the stability and bandwidth of the receiver. 
Although the receiver is generally considered to be the 
most critical portion of the fiberoptic link electronics, 
careful attention should also be paid to the transmitter. 
Several traces in this circuit will pass large currents at 
high speeds. In order to minimize the effect of trace 
Inductance, these lines should be kept as short as 
possible. 

When good layout practices are employed, a lOOMBd 
fiberoptic Interface can be constructed using the 
components described here. 
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Expanding the ML2200 
Input Multiplexer 



1.0 Introduction 

If the four channel differential input multiplexer on the 
ML2200 is insufficient for your application, it can be 
expanded using one of three methods described in 
this document. An expanded input multiplexer will 
greatly enhance the processing power of the ML2200 
but will restrict some of its flexibility. The limitations of 
each circuit are discussed at the end of this application 
note. 

The first circuit controls up to 64 differential inputs but 
restricts the ML2200 to always run eight operations. 
The second circuit controls up to 128 single ended 
inputs and again restricts the ML2200 to always run 
eight operations. The third circuit is limited to eight 
differential inputs but is fully programmable in the 
number of operations. Each circuit is fully 
synchronized with the ML2200 and can be built with 
off-the-shelf components. 

Although this application note discusses only the 
ML2200, the ML2208 can be used as well. Only minor 
operational issues within the ML2208 are affected. 

2.0 General Theory of Operation 

An external counter {74LS163) is used to control the 
additional multiJDlexer devices (DG506 or DG507). The 
counter is incremented by the SYNC pin of the 
ML2200, which must be programmed as an output. 
The SYNC pin is suitable for this purpose since it 
always signifies the start of a new operation. 

Synchronization with the ML2200 is achieved by 
utilizing the DBR pin to load input channel #1 into the 
counter. Since the DBR signal comes out after the 
sequence of operations are complete and the next 
sequence is started, it is too late to correctly 
synchronize the counter prior to the beginning of the 
next sequence. Synchronizing on the "1" count, 
however, will always reset the counter to the proper 
value if synchronization is ever lost. 

Due to the above described behavior, a "boundry" 
problem exists in the very first sequence of operations 
and the first operation of the second sequence after 
the chip is started. In order to get out of this problem, 
the RUN bit of the control register is decoded and 
duplicated in these circuits. The RESET signal is also 
brought in. These signals force the counter to 
predetermined states and relieves the "boundry" 
problem. 



3.0 A 64-Channel Differential Input Circuit 

This circuit, shown in figure 1, provides up to 64 
additional input channels. Two 74LS163 counters, U5 
and U6, are used to develop the address for each 
channel. Only 6 of the 8 available counter bits are 
needed to control the channel selection. The 3 LSBs 
are used to drive the multiplexer (DG507) address bus 
and the 3 MSBs are decoded and used to drive each 
multiplexer's enable pin. A 74LS138 (U7) is used to 
decode the MSBs, providing control for 8 multiplexer 
chips. The 2 unused counter bits could be used to 
address additional multiplexers, providing control for 
up to 256 channels. 

A D-type flip-flop {U4A, 74LS74) is used to reset both 
counters whenever the ML2200 is reset or not in RUN 
mode. This is accomplished by presenting an active 
low signal at the synchronous clear inputs of the 
counters whenever either the RESET or HALT condition 
exists. When the ML2200 is placed in RUN mode, the 
first SYNC pulse resets the counters to zero instead of 
incrementing them. At the same time, the first SYNC 
pulse clears the resetting condition by clearing the 
flip-flop. 

The other flip-flop in this circuit, U4B, is used to trap 
the to 1 transition of the DBR signal. This transition 
causes the output of U4B to go low, which sets up the 
counters for a load cycle. The next SYNC pulse (which 
should correspond to the first operation of the 
ML2200) will then load the counter with a "1", forcing 
the counters to be synchronized to the sequence. As 
before, the same pulse that performs the load 
operation also clears the load operation. 

U1 (74LS138) and U2 (74LS379) form the logic that 
decodes the RUN bit from the microprocessor bus to 
develop one of the conditions that resets the counters. 
U1 simply decodes the address of the control register 
within the ML2200 and U2 latches the status of the 
RUN bit. 

This circuit requires operations to be done in groups 
of eight and each operation within the group must 
have the same characteristics. 
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4.0 A 128-Channel Single Ended Input Circuit 

This circuit, shown in figure 2, is identical to the 
differential circuit with three exceptions: 

1. Four address bits are used to drive each multiplexer, 
since each multiplexer chip now contains 16 
channels instead of 8. 

2. The decoder chip (U7) is shifted one bit up on the 
counter output. This makes room for the extra bit 
needed for multiplexer addressing. 

3. DG506 multiplexers are used because this is a single 
ended application. 

This circuit requires operations to be done in groups of 
eight and each operation within the group must have 
the same characteristics. 

5.0 An 8-Channel Diferrential Input Circuit 

This circuit, shown in figure 3, is very similar to the two 
previous circuits. It still uses two D-type flip-flops to 
load and reset the counters. The difference here is that 
register U7 (74LS379) is provided at address location 6 
within the 8 byte ML2200 address space and is used to 
store a count equal to the number of operations 
programmed by the microprocessor in the ML2200. 



Address location 6 and 7 are spare locations within the 
ML2200 address space. A 74LS85 (U8) four bit 
comparator is used to reset the counter to zero when 
the maximum count is reached. A single DG507 
provides the eight input channels. 

This circuit is not restricted to performing operations in 
groups of eight. Each channel can be programmed and 
initiated individually. This flexibility is maintained at the 
expense of limiting the number of differential inputs to 
eight. 

6.0 Circuit Limitations 

In order to maintain synchronization with the ML2200, 
these circuits contain several inherent limitations which 
are described below: 

1. The SYNC pin is limited to use as an output. 

2. These designs allow less settling time for external 
input circuits, such as instrumentation amplifiers, 
than otherwise would be possible. 

3. The capability to do random reference selection is 
lost. 

4. The capability to do random input channel selection 
is lost. Input channels must be scanned sequentially 
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One Pin Crystal Oscillators 



1.0 Introduction 

Micro Linear has frequently used a one pin oscillator 
design in its CMOS chips. The concept of a one pin 
oscillator nnay seem peculiar to some at first, but the 
design topology has been around for many years, 
dating back to vacuum tube days. This topology is 
shown in Figure 1 and is commonly known as the 
Colpitis oscillator. The only difference compared to 
previous implementations is that an MOS transistor is 
used as the active element. 



vcc 



T - ' 



:=- Vbias 



Figure 1. 

There are two important advantages to using this 
particular topology versus the more common two pin 
design (which is called a Pierce oscillator): 

1. Only one pin is required, leaving the extra pin for 
maximum functionality. This is increasingly important 
as chips become more complex in function. 

2. No external components are usually required except 
for the crystal. If extremely high frequency accuracy 
is required, then an external capacitor in parallel 
with the crystal can be used to trim the frequency. 

All is not free, however, there are some disadvantages: 

1. This design is less tolerant of external parasitics to 
ground than the two pin design. This is not usually 
a problem since the designs used in Micro Linear's 
circuits have been provided with sufficient margin 
to handle typical printed circuit board parasitics. 



2. Flexibility in terms of user adjustment of design 
parameters is less in this design. Again, this is not 
seen to be a problem for two reasons: 

a) Board level designers rarely adjust the two pin 
design parameters. 

b) Enough margin is provided so that adjustment is 
not needed. 

2.0 Theory of Operation 

Exact circuit analysis of the oscillator is a complex 
procedure for several reasons: 

1. In a practical design situation, the system equations 
are a minimum of 5th order. Exact hand calculations 
are difficult at best. 

2. Final oscillation conditions are not only based on 
small signal analysis, but very dependent on large 
signal non-linear situations. 

3. The crystal model is generally a simple case in small 
signal analysis but element parameters can change 
with excitation level. 

in this section, no attempt is made to provide a 
complete exact analysis. An alternate approach is taken 
in which hand calculations can closely approximate the 
small signal solution. This approach is also much more 
heuristically satisfying in that effects of design 
parameter changes can be seen without applying a lot 
of math. This also serves to provide the user with a 
way to calculate an approximate frequency of 
oscillation if more exact frequency tolerances are 
required other than just plugging the crystal in. 

For the more technically inclined, an exact small signal 
sample design procedure is presented in Appendix A 
using the MathCAD™ program on an IBM-compatible 
PC. This is possible due to the presence of a root 
solver capability in MathCAD. Users of HP calculators 
or numerical analysis computer programs can also 
perform this analysis. Appendix B contains an example 
procedure to estimate final oscillation amplitude while 
Appendix C goes through the procedure to calculate 
the closed loop root locus plot which is then used to 
estimate oscillator startup time. 
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2.1 Crystal Model 

The typical crystal model is shown below: 



Co : 



Ro 



=FCc 



Figure 2. 

Typical values for the 12.352 megahertz crystal used in 
some of Micro Linear's telecom chips are: 

Lo •= 8.005814 • 10-3 henries 
Cc := 5.10 • 10-12 farad 
Co := 20.7558 • lO'^^ f^rad 
Rq •= 15 ohms 

The admittance of the crystal is: 

Yxtl(s):=Cc-s+— 



1 



Lo-sH 



Co'S 
Plot 50 points versus frequency: 

X := 1 .. 50 
Define radian frequency values: 

cjx ••= 12.346 • 10^ • 2 • ; 
Plot real (resistive) part: 



+ Ro 



120 





\ 










1 


\ 


V 








ReIYxtlU-wx]] 


n 










^ 



2 • TT 

Figure 3. 



Plot susceptance; 

0.04 



Im[Yxtl[j-wx]] 




1.2347 • 107 



2 • IT 



Figure 4. 



Note that at the series resonance frequency of: 
1 
/, ^ = 1.2346608 • lO^Hz 

the susceptance is zero and the resistance is: Rq = 15. 

Oscillators that operate the crystal in the series mode 
use this characteristic as part of a feedback loop in 
which the loop gain is maximum at this frequency. 
Above this frequency the susceptance is inductive. 
Oscillators such as this one-pin design (and the two-pin 
Pierce) operate the crystal in the parallel mode, "using 
it as an inductor." 

2.2 Simplified Hand Calculation of Loop Gain: 

in this section, a simplified (but approximate) method of 
calculating the loop gain is shown. This method also 
demonstrates in a more heuristic way how loading 
affects the oscillator and how one may choose the 
crystal characteristics, especially the series resistance Rq. 
The calculation for the approximate frequency of 
oscillation is also shown. This calculation is quite 
accurate. 

Before we proceed with the calculations, two general 
principles will be presented that are used to make the 
calculations. Derivations of these principles can be 
found in reference [1]: 

1. In Figure 5, it is seen that an RLC circuit with series 
loss can be represented by a circuit with parallel loss 
(resistance). This applies when the circuit Q is high 
(>10). 



-► L 



REQ = Q2r 



Q< 10 



Figure 5. 



2. In Figure 6, an RLC circuit with series capacitors can 
be classified as a "parallel resonant transformer" 
circuit. Again, this is accurate only when the Q is 
high (this is easily satisfied with crystal circuits, with 
Q's in the ten to hundreds of thousands). In this 
case, the two capacitors act like a transformer with a 
turns ratio of: 

. Ci 

"-C1+C2 

Hence any resistance can be reflected by the square of 
the turns ratio. 
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L y 




= Ci 














: C2 






1 , 




-o 



♦-^ 1:n~| n = _Cl__ 

i»L C1+C2 




Figure 6. 

Using principle 1) from above, we can construct a 
crystal model which has a parallel loss element: 




Lo 



i Co 



Rpx = Q2Ro 



i: Cc 



Figure 7. 

Using principle 2) from above, we can now reflect the 
loss element to the crystal terminals by the "turns 
ratio." 



4= Co 



Lo ! 



Cc + Co 



4=cc« 



RPXR = REQ X n2 
O 



Figure 8. 

At this point, we should develop the small signal 
equivalent of the oscillator circuit: 




In Figure 9 the MOS transistor has now been replaced 
by its small signal equivalent circuit. In this instance, g^ 
is the small signal transconductance of the transistor 
and is set by the DC bias current. Rlt is the parallel 
combination of the drain to source conductance and 
the "body bias factor" (if the source is not at the same 
potential as the bulk). Derivations of these parameters 
can be found in reference [2]. 

Cp is the parallel combination of all circuit reactive 
parasitics found at the oscillator pin, including the 
crystal case capacitance, Cc- Cjop and Cbot are on- 
chip capacitors with sizes chosen for a particular design 
range. 

Rp is the resistance of an on-chip DC bias resistor for 
the gate of the MOS device plus any dissipative loss 
present at the oscillator pin to ground. This is any lossy 
effects due to circuit board or socket dissipation factors 
at the frequency of oscillation. 

We now connect the crystal to the oscillator circuit. 
Note that the reflection and transformer calculations 
above must be done with all circuit capacitances taken 
into account: 




Vlo • Ctot 



Co + CpTOT 



Figure 10. 



Co + CpTOT 



Let us assign some typical values to the components: 

gm := 1.6 • 10-3 Amps/Volt 
Ctop '= 16 • 10-12 farad 
Cbot •= 16 • 10-^2 farad 



Rlt '= 80 • 10^ ohms 
Cp := 10 • 10-12 farad 
Rp := 100 • 10^ ohms 



We will use the crystal values defined above with the 
exception that Cc is now included in Cp, which 
represents all capacitive parasitics present at the pin. 

The total capacitance present at the pin including Cjop 
and Cbot 's: 



Cptot:= ^"°^:^^°" ^Cp 



CpTOT 



1.8 • 10- 



Cjop + Cbot 
The total capacitance seen across the crystal inductance 



Co + CpTOT 



Ctot = 2.073 • 10-^^ 



Figure 9. 
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This capacitance in parallel with the crystal inductance 
just so happens to produce a resonant frequency which 
is very close to the frequency of oscillation: 



(*)0> 



1 



VLo • CjOT ^ 



I'TT 



7.762 • 10^ 
= 1.2353724 ■ 



10^ 



Note that this frequency is .014% higher than the 
specified 12.352 Megahertz. This is because this crystal 
was ground with a specified capacitive load of 18pF 
across its terminals. In our case, we only have about 
13pF. 

The circuit Q is now calculated: 

Q : ^^ Q = 4.143 • 104 

CJQ * KO * WOT 

The equivalent parallel resistance across the crystal 
inductance is now calculated using principle 1) above: 

Rpx := Q2 • Ro Rpx = 2.574 • lO''^ 

This is now reflected to the oscillator pin using prin- 
ciple 2) above: 
^ 2 

Co 



RPXR '•= RpX ' 



Co + CpTOT 



RpxR = 3.415 • 104 



This is now combined with the parallel resistance 
present at the oscillator pin: 



RpTOT •= 



RpxR • '^P 

RpxR "■" Rp 



RpTOT = 2.546 -104 



Note that this can be reflected again through the 
"capacitive transformer" of Cjop and Cbot- 

1 
Ctop 



RPTOTR •- RpTOT ' 



Ctop + Cbot 



RPTOTR = 6.364 • 103 

We now combine this with the resistance present at 
the transistor source: 



Rl:= 



RlT • RpTOTR 
Rlt + RpTOTR 



Rl = 5.895 • 103 



This is the load resistance. This multiplied by the trans- 
conductance will give us our gain up to the source of 
the transistor from the input. 

g^RL = 9.433 

Note that the input to our circuit is the voltage applied 
across the gate to source of the MOS transistor, or in 
other words, the voltage across Cjop. Using the 
"capacitive transformer principle" we can determine 
that the loop gain is: 



A.:=gg-^-R. A.^ 



9.433 



This gives us our loop gain, which hopefully is more 
than 1 to allow oscillations. Note that this compares 
favorably with the exact analysis given in Appendix A of 
9.41. 

This is a good time to pause and reflect on what the 
above analysis tells us: 

1. It is seen that the oscillation frequency depends on 
the total capacitance at the oscillator pin in series 
with the crystal capacitor Cq. Since Cq is very small 
(typically 10's of femto-farads) external capacitance 
has a small effect on the oscillation frequency. This 
provides a means of "tweaking" the frequency to an 
exact value with a trimmer capacitor placed from the 
oscillator pin to ground. 

2. Using the "capacitive transformer" principle, it is seen 
that large values of capaitance at the oscillator pin 
reduces the loop gain since the crystal resistance is 
now reflected into a smaller value and hence the 
product gm • Rl 's smaller. Oscilloscope probes can 
contribute a significant amount of parasitic and should 
be used carefully when debugging this circuit. If 
frequency trimming is employed by placing a parallel 
adjustment capacitor to ground, It must be done 
carefully so that the loop gain is not made too small. 

3. Lossy components at the oscillator pin also reduces 
the product g^ * Rl- This is especially important at 
higher crystal frequencies, where printed circuit board 
material or socket material becomes more and more 
lossy. The value of the on-chip bias resistor varies with 
frequency from about 1MQ to about lOOkQ (over a 1 
to 20 MHz range). Note that this is a fairly high 
impedance which is easily affected by external 
parasitics. Oscilloscope probes can be particularly 
lossy at these frequencies. 

2.3 Three More Important Criteria for 
Consideration: 

Three more important items need to be covered. These 
items may or may not be OK even if the loop gain 
calculation is adequate (more than 1): 

1. Oscillator phase margin. 

2. Nyquist criterion. 

3. Final oscillation amplitude 

The theory for the above criteria is too lengthy to 
cover in an application note; only a brief qualitative 
explanation will be given. The reader Is encouraged to 
consult references [3], [4], and [5]. The exact analysis 
given in Appendix A will cover the phase margin and 
Nyquist criterion. 
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Oscillator Phase Margin: 

Figures 11A through 11 D in Appendix A show the open 
loop transfer characteristics of the oscillator. 11 A shows 
the overall magnitude over a wide range of frequencies. 

The crystal characteristic is not visible since it occurs 
over a very narrow range. 11 B shows the phase 
characteristic. 

These curves show that the circuit produces a single 
pole rolloff of 6dB per decade and a final phase shift 
of 90 degress. Examining the circuit in Figure 10, we 
see that the loop transfer function starts out at 180 
degrees out of phase. This is because the output is 
developed across Cbot and the input is taken across 
Cxop- At DC, the voltage across Cjop 's of opposite 
phase to that of Cbot^ since the top side of Cypp has a 
DC path to ground. The single pole rolloff is primarily 
due to (but not exactly) the combination of R\j and the 
total capacitance seen at the source of the MOS 
transistor to ground. The crystal inductance combined 
with the circuit capacitances can almost provide 
another 180 degrees of phase shift. This, combined with 
the 180 degrees from the active element will provide 
ALMOST but not quite the 360 degrees needed for 
oscillation. This is where the single pole rolloff comes 
in. Examining 11 C shows that the loop gain peaks first 
then dips. This is due to primarily a complex pole pair 
and a complex zero pair. The peak is a result of the 
crystal resonating with all circuit capacitances: 



6>p := 



VLq • Ctot 



ojp = 7.7620737 • 10^ 



The complex zero pair comes about when the crystal 
resonates with all capacitances except for the Cjop and 
Cbot combination: 



1 



wz: 



Lo- 



Cp • Co 



Cp + Co 



wz = 7.7656489 • 10^ 



The phase shift at the complex pole pair passes 
through zero and the amplitude peaks to provide the 
oscillation point. The phase then goes past the point 
needed for oscillation and then passes through zero 
again at the complex zero location, returning to the 90 
degree point where it started. The amount that the 
phase shift passes the point necessary for oscillation is 
called the phase margin. This depends on: 

1. The proximity of the complex zero and pole pair, 
which is determined by the difference in value of 
the Cjop and Cbot combination relative to the 
external circuit capacitances. Large parasitics 
decrease the distance between the pole and zero 
pair, degrading the phase margin. 

2. The circuit "Q/' which is a function of the reflected 
crystal resistances. Applying the reflection algorithm 
described above shows that large capacitive parasitic 
values produce a lower "reflected" crystal resistance 
and thus a lower "Q." Additionally low values of 
parasitic loss resistances present at the oscillator pin 
will have the same effect. 



If both of the above situations exist, the phase may not 
cross the zero point at all and oscillations will not start. 
The exact analysis procedure in Appendix A gives a 
quantitative description of this situation. 

Nyquist Criterion: 

In Figures 11 C and 11D in Appendix A, note that the 
loop gain falls to below unity at the complex zero 
point. A situation can exist where perhaps, if gM is 
large, the loop gain will remain above unity, even at the 
complex zero frequency. This represents a violation of 
the Nyquist criterion for oscillation in that the Nyquist 
plot never encircles the -1,0 point. This can happen 
with crystals at the lower frequencies around 1MHz or 
so. Appendix A gives a quantitative analysis of this 
situation, and reference [5] goes in detail for the theory. 

Final Oscillation Amplitude: 

This section outlines a qualitative explanation of the 
final oscillation amplitude. For a complete analysis, refer 
to references [1] and [4]. Appendix B gives an example 
analysis using the numerical methods of the MathCAD 
software on an IBM PC. If the user is interested at a 
higher level, please contact Micro Linear for design 
parameters. 

Given the loop gain at the frequency where the phase 
shift crosses zero, oscillations start and then increase in 
amplitude. The waveforms across Cjop and Cbot 'n 
Figure 10 are close to sinusoidal due to the high Q of 
the circuit. The drain current of the MOS transistor, 
however, is a square law version of the gate to source 
voltage. Thus, at large signals, the effective gM of the 
transistor is reduced by a factor which is related to only 
the first harmonic of the drain current. This is the only 
component which is fed back around the loop due to 
the high Q. For a given small signal loop gain, the 
amount of oscillation amplitude necessary to maintain 
the large signal loop gain at one will determine the 
final oscillation amplitude. For a typical Micro Linear 
design, this usually falls within the power supplies. 
Occasionally, then the loop gain is high, the amplitude 
may exceed the power supplies but is "clamped" by 
the input static protection diodes present on the 
oscillator pin. This forward biases the substrate, but the 
input protection structure of the oscillator pin prevents 
any harmful effects from this phenomenon. 

3.0 Design Parameters 

The following section outlines some parameters 
necessary to perform the hand calculation analysis 
described above and the exact analysis in Appendix A 
for various Micro Linear chips at the time of this 
application note: 
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ML2200, ML2208, ML2230, ML2233, ML2221: 

These designs are restricted to 3-7MHz only; no 
frequency trim. Provide minimum parasitic from pin to 
ground possible. 

Cjop: 10pF 

Cbot: 12pF 

Typical gm: 500//A/V 

Typical Rlj: 8kO 

Rp at 3MHz: 240kO (see Appendix D) 

Rp at 7MHz: 140kO 

ML2031, ML2032: 

These designs are restricted to 3-15MHz only; 
frequency trimming with capacitor allowed if desired. 

Cjop: 16pF 

Cbot: 16pF 

Typical gm: 1.6mA/V 

Typical Rlj: 80kQ 

Rp at 3MHz: 220kO (see Appendix D) 

Rp at 15MHz: 100kO 

ML2035, ML2036: 

These designs are restricted to 2-18MHz only; 
frequency trimming with capacitor allowed if desired. 

Ctop: 18pF 

Cbot: 18pF 

Typical gm: 1.6mA/V 

Typical Rq-: 80kO 

Rp at 2MHz: 290kQ (see Appendix D) 

Rp at 15MHz: 100kO 

In addition, the package pin capacitance is needed 
along with any stray capacitance due to the bond wire, 
etc. These values vary from device to device, but an 
approximate value would be about 1-3pF. 

4.0 CiTstal Specifications 

For most situations, standard microprocessor type 
crystals will work fine in these circuits. If more precise 
frequency tolerance or unusual frequencies are desired, 
a special grind will have to be orderd from a crystal 
manufacturer. 

1. Calculate what capacitance will be seen by the 
crystal in your board, then specify this to the crystal 
manufacturer. 

2. An approximation of the series resistance tolerable 
can be made using the above analysis or the exact 
analysis in Appendix A. One fact which is rarely 
known is that crystal resistances on startup can be 
much higher than when the crystal is being excited. 
Specify both a low level maximum series resistance 
and an operating level series resistance (e.g., 10nW 
to 1a(W startup level and 1//W to 200//W operating 
level). An equation to calculate crystal dissipation is 
given in Appendix A. 



3. Frequency tolerances of about .005% are common, 
tighter tolerances are available. 

4. Frequency stability over temperature (0-70°C) of 
about .005% are common; special order for extended 
temperature range or tighter tolerance. 

5. Frequency stability is typically dominated by the 
crystal itself. Temperature coefficients of the parasitic 
capacitances come into play and can be calculated 
using the equations described above. Variation of the 
oscillator gm and internal capacitance values versus 
temperature has a very minor role in stability 
(1-5ppm or so over 0-70°C). 

5.0 Board Level Design Verification 

Some simple tests can be performed during the 
debugging process to verify that the crystal being used 
and the parasitics present are acceptable for 
manufacture: 

1. Measure the crystal parameters. A procedure to do 
this is described below. This is a procedure 
described in reference [6]. 



OUT 
IN 



SPECTRUM 
ANALYZER 




MEASURE PEAK AMPLITUDE AND FREQUENCY: fs ^ 

PEAK AMPLITUDE GIVES Rq VALUE. 

OPEN SWITCH, MEASURE PEAK FREQUENCY (THIS SHIFTS UP) 

Af = . 1 Ct = lOOpF + Cc (CASE CAPACITANCE) 

8Tr2f5CTLo 
SOLVE FOR Lo. 

fs^ / , SOLVE FOR Co 



2. Observe crystal startup at the high temperature/low 
power supply specification of your system. Crystal 
startup is the most stringent test of the design. Often 
times the series resistance of the crystal at low levels 
is many times that at operation. Do this over a wide 
sample range of the intended crystal to be used. 
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3. Be sure that the oscillator amplitude is at least 2 
volts peak to peak at the high temperature/low 
supply case. This is to insure that the buffer that 
squares the sine wave up remains operational. If less 
than 2 volts, consider using a crystal with a lower 
series resistance or decrease parasitic capacitance on 
the oscillator pin. Do not use long lead lengths or 
traces from the oscillator pin to the crystal. 

4. Observe crystal startup times. This is a good 
indication of available loop gain. Crystal startup time 
is a function of the real part of the closed loop 
transfer function. Appendix C provides a sample of 
how to calculate a root locus plot versus varying 
gm's. 

5. When observing the oscillator pin, use a FET probe 
or use a standard probe in series with a 1pF 
capacitor to prevent loading the pin with excessive 
parasitic. When observing frequency stability use a 
spectrum analyzer with an antenna wire pickup to 
minimize parasitic effects. Alternately if a buffered 
output of the oscillator is available, measure the 
frequency at this point. 
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APPENDIX A 

ONE PIN OSCILLATOR DESIGN 

This dociiment is an exact small signal analysis of the one pin oscillator 
using the MathCAD software package. 

******define units first: 

rad =1 -6 

rad TOL = 10 sets MathCAD tolerance 

deg = n 

180 

******Define Parameters: 

-12 -12 -12 

Ctop = 16 10 Cbot = 16 10 Cc = 5 10 (xtal case cap) 

-3 -15 

Ro =15 Lo = 8.005813989 10 Co = 20.7558457 10 

1 (OS 7 

****Serial Resonant Frequencycos := = 1.2346594 10 

2'K 

Lo Co 

1 4 

••••Crystal Q: Qxtal := Qxtal = 4.14 10 

cos Ro Co 

****CAPACITOR DIVIDER: 

Cbot 



• •••Equivalent C of Capacitor Divider: Ceq := Ctop 

Ctop + Cbot 
-12 
Ceq = 8 10 



Ctop 
••**Trans former Ratio for Capacitive Divider: n := 



Ctop + Cbot 
n = 0.5 

••••Impedance Reflection Ratio for Capacitive Divider: 

2 
zc := n zc = 0.25 
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****Transistor Characteristics: 

-3 3 

gm := 1.6 10 Rlt := 80 10 

****Pin Characteristics: 

**External pin parasitics--this is the real and imaginary parts of any 
external parasitic at the oscillation frequency) : 

3 -12 

Rext := 100 10 Cext := 5 10 

****Total Parallel Capacitance: 

Cptot := Cc + Cext + Ceq 

-11 
Cptot = 1.8 10 Cpt := Cptot - Ceq 

-11 
Cpt = 1 10 

••••Equivalent Capacitance for Pole Pair: 

Cptot -14 

Cpol := Co Cpol = 2.073 10 

Co + Cptot 

****Approximate Frequency of Oscillation: 

1 Wpol 7 

Wpol := Fpol := Fpol = 1.235371 10 

I 2-71 

\| Lo Cpol 

••••Ratio of the Capacitive Divider Between Crystal and Oscillator: 

Co 

nx := nx = 0.001 

Co + Cptot 

••••Impedance Reflection Ratio: 



2 -6 
zx := nx zx = 1.327 10 




Wpol Lo 
••••Q with Cload: Q := 


4 
Q = 4.143 10 



Ro 

••••Equivalent Parallel R for Crystal Only: 

2 10 

Rpx := Q Ro Rpx = 2.574 10 
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****Reflected Value of the Crystal Resistance at the Oscillator: 



Rxtal : ~ Rpx zx 



Rxtal = 3.415 10 



Total parallel resistance at the oscillator pin: 

1 1 

Gsuxn := + 1 

Rext Rxtal Rsum := 



Rsiim = 2.546 10 



Gsum 
••••Reflected Parallel R at Oscillator to Transistor Source: 



Rref := Rsum zc 



Rref = 6.364 10 



••••Total Load Seen at Transistor Source: 
Rlt 3 

Rl := Rref Rl = 5.895 10 

Rref + Rlt 

••••Loop Gain Calculated with Reflection Method: 

Cbot 
Al := gm Rl Al = 9.433 

Ctop 

**in dB: 20 log(Al) = 19.493 

•••••••••••••••EXACT CALCULATIONS : ************** 

**Polynomial Coefficients for Zeros: 

nO := 1 

nl := (Co Ro + Co Rext + Cpt Rext) 

n2 := (Co Lo + Co Cpt Ro Rext) 

n3 := (Co Cpt Lo Rext) 

guess first zero location: 



CO : = 



CO = -9.9792871 10 



Rext (Cpt + Co) 



s := CO 



zl := root 



3 2 

n3 s + n2 s + nl s + nO,s 



zl = -9.9792906 10 
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guess complex zero pair location: 



CO : = 



Co Cpt 

Lo 

\] Co + Cpt 



(0 = 7.7656404 10 



s := (Oi 

3 2 

z2 := rootLnS s + n2 s + nl s + nO,s 

3 7 

z2 = -1.9722866 10 + 7.7656391 10 i 



***** Zeros: 



zl = -9.9792906 10 



3 7 

z2 = -1.9722866 10 + 7.7656391 10 i 



*****************Poles : 

**Coef f icients for Poles : 

dO := 1 

dl := (Co Ro + Co Rext + Ctop Rlt + Ctop Rext + Cbot Rlt + Cpt Rext) 



d2 : = 



d3 



Co Lo + Co Ctop Ro Rlt + Co Ctop Ro Rext + Co Ctop Rlt Rext . . . 
+ Co Cbot Ro Rlt + Co Cbot Rlt Rext + Co Cpt Ro Rext 
+ Ctop Cbot Rlt Rext + Ctop Cpt Rlt Rext + Cbot Cpt Rlt Rext 
= Co Ctop Lo Rlt + Co Ctop Lo Rext + Co Cbot Lo Rlt + Co Cpt Lo Rext 

+ Co Ctop Cbot Ro Rlt Rext + Co Ctop Cpt Ro Rlt Rext 

+ Co Cbot Cpt Ro Rlt Rext 



d4 := Co Ctop Cbot Lo Rlt Rext + Co Ctop Cpt Lo Rlt Rext 
+ Co Cbot Cpt Lo Rlt Rext 
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guess first pole location: 

-1 5 

CO := 0) = -2.3809524 10 

(Rext) (Ctop + Cbot + Cpt) 

s := CO 

4 3 2 
pi := rootLd4 s + d3 s + d2 s + dl s + dO,s 

5 
pi = -2.492 10 

guess second pole location (this is dominant pole) 

-1 



ca : = 



CO = -5.6423611 10 



Rlt 



Cbot + 



Ctop Cpt 



s := CO 



p2 := root 



Ctop + Cpt_ 



4 3 2 
.d4 s + d3 s + d2 s + dl s + dO,s 



p2 = -8.6971683 10 

guess complex pole pair location: 

-1 

CO := 



CO = -7.7620652 10 



Co (Cpt + Ceq) 



Lo 
\| Co + Cpt + Ceq 

s := i CO 

4 3 2 
p3 := rootLd4 s + d3 s + d2 s + dl s + dO,s_ 

3 7 

p3 = -1.3566881 10 - 7.7620647 10 i 



• ••••*4r*4r4r***4r*3i2inmary : *************** 
tp : = 2 7C 



zl = -9.9792906 10 



zl 5 

— = -1.5882534 10 

tp 
3 7 z2 7 

z2 = -1.9722866 10 + 7.7656391 10 i — = -313.899161 + 1.2359398 10: 

tp 
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pi = -2.492351 10 



p2 = -8.6971683 10 



Pl 
tp 



-3.9666998 10 
p2 



= -1.3841973 10 



3 7 p3 

p3 = -1.3566881 10 - 7.7620647 10 i — 

tp 



tp 



= -215.9236169 - 1.235371 lOi 



• •••4r4riir*ilr**4rilr*4r4r*3ys-tei[l FuXlCtioIl I ************************ 

gm Rlt 



3 2 

n3 s + n2 s + nl s + nO 



H(s) := 

4 3 2 
d4 s + d3 s + d2 s + dl s + dO 

*************piQt System Function******************** 
X := 1 . .80 



X 10 



cox := [tp 10 



50 



20 log 







H 


i COX 
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Figure llA 
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plot phase: 



Ph : = 



180 



arg(H(i cox)) 



Ph 



-90 



cox 



le+008 



tp 
Figure IIB 
plot an expanded area around the complex pole/zero pair: 
n := . .100 

range := {|lm(z2)| - |lm(p3)|) range := range .2 
lo := |lm(p3) I - range 
hi := |lm(z2) | + range 



cox : = 
n 



(hi - lo) + lo 

100 
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Figure IIC 
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Nyquist plot: 



Im 



1 cox 



,1 
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Figure HE 



cog := i (Im(p3) + 10) 



cog 7 

— = -1.2353708 10 i 
tp 



Find exact frequency of phase zero crossing due to complex pole pair: 

coosc : = root (Im (H (cog) ) , cog) 

check : 

arg(H (coosc)) = 180 deg 



Exact zero phase frequency and amplitude: 

Ih(coosc) I = 9.41 



coosc 7 
= -1.2353722 10 i 



tp 
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Find exact zero phase and amplitude due to complex zero pair: 



guess first : 

cog := i (Im(z2) - 100) 



cozer := root (Im(H( cog) ), cog) 



cog 7 

— = 1.2359383 10 i 
tp 



check : 

arg(H(cozer) ) = -179.999 deg | H (cozer) | = 0.02 amplitude 



cozer 7 

= 1.2359386 10 i 

tp 



frequency 



Find phase margin for oscillator (maximum phase between complex pole and zero 
pair) : 

n 

cox := - (I cozer I - |coosc|) + |coosc| + 100 

n 105 



71 - max [angle (Re (H (i cox) ) , Im (H (i cox) ) ) 



= -79.361 deg 
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APPENDIX B 

This goes through an example calculation of the reduction in small signal gm 
due to a certain amplitude across Ctop or the gate of the MOS device. The 
analysis can be carried out in a more general manner and graphs can be plotted 
out for the purpose of providing a graphical solution to ascertain the final 
oscillation eunplitude given an initial set of bias conditions. The procedure 
is for exeunple purposes only. If the reader requires more specific 
information, please contact Micro Linear directly. 

This analysis was carried out in MathCAD. 

define some numbers : 

MOS transistor threshold voltage: vt := .926 

700 -6 

MOS transistor k factor: p := 47 10 

4.2 

0) := 1 here, frequency doesn't matter, so make it 1 

vbq := 1.158 dc bias value of gate to source 

simple MOS equation for drain current 



id(vgs) := if 



vgs > vt. 



1 2 

- P (vgs - vt) 
2 



,0 



idq := id (vbq) calculate dc bias current 

-4 
idq := 2. 112- 10 

vin(t,vb) := vb + a cos(cot) define the gate to source excitation 



gmq := \|2 p'id(vbq) small signal gm at dc bias 

gmq = 0.0018173 

Find the average bias voltage of vgs which MUST equal the dc bias current: 

-8 
TOL := 10 guess vb := vbq - .2 

Given 

1 n2-7l 
id (vin (t , vb) ) dt ~ idq 

2-7C ^ 

newvb := Find(vb) 

newvb = 0.898 vbq = 1.158 compare to new bias 

check : 



10-70 



Ji^ Micro Linear 



Application Note 8 



1 n2-K 

id (vin (t , newvb) ) dt 

2-71 ^ 



-4 
= 2.112 10 



This represents a shift o£: 

vbq - newvb = 0.26 volts in vgs bias 

for a sine wave amplitude of: 

a = .5 volts peak of vgs (note: this is NOT the output voltage!) 

This gives a steady state vgs of: 

vg(t) := vin (t, newvb) 

The first harmonic of the drain current is : 



1 
idl := - 

71 ^ 



2-71 

id(vg(t) ) cos(co t) dt 




-4 
idl = 3.624 10 The large signal gm, or 6M is now calculated: 

idl -4 

GM := GM = 7.247 10 

a 

The normalization of GM/gm is now shown: 

GM 

= 0.399 This shows a reduction of the small signal gm. 

gmq 

Plot gate voltage and drain current in steady state: 
X := . .255 

2-7CX 

t := 

X 255 
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vg 



1.4 


'^\ 






/^ 
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y 




n o 











0.0009 



id 



vg 



, id (newvb) 
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APPENDIX C 

Oscillator Root Locus Calculation 

This calculates the real and imaginary parts of the closed loop transfer 
function. The real part is the time constant of the initial exponential 
startup transient . 

define a range of gm values to calculate over: 

X := 40 . .10 



X 

10 



gm := 10 

X 



TOL = 10 



Calculate root locus for gm. These are the roots of the characteristic 
equation of the closed loop transfer function. See Appendix A for the 
definitions of the coefficients shown below: 



clp 

X 


:= root 


d4 


4 
s + 


d3 + nS gm rmb 

X 


3 

•s + 


d2 + n2 gm rmb 

X 


2 
s 


,s 




+ 


dl + nl gm rmb 


s + dO + nO gm rmb 












X 






X 







Root Locus Plot 
-7.762e+007 



Im 



clp 



-7.766e+007 



-fr 


H-HHH--+-~^-_^^.,_^ 


-^ 






\ 






J 


f 


^^^r'r-^r^^-^''^^^^^ 


^^ 



-10000 



Re 



clp 



20000 
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Real part o£ closed loop transfer function versus gm: 
20000 



Re 



clp 



-10000 
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l.le-005 



gici 



0.11 



Note in the above plot that there is a limited range of gm' s for which the 
poles of the closed loop transfer function remain in the right half plane. In 
other words, too low a gm creates too low a gain. However, too high gm values 
also violate the Nyquist Criterion. 
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APPENDIX D 

This shows how to calculate the real part of the on chip bias resistor Rp 
for inclusion in the loop gain calculations. This was done on MathCAD. 

This is a calculation of the Real part of a distributed RC network with one 
end shorted to ground. A parallel R part is calculated. 



ORIGIN := 1 



:= 1 



Following DC resistance values are for the ML2031, ML2035, and ML2200 . The 
total capacitance is also calculated for the network. 



rO : = 



24010 

640 lo" 
6 
10 



-15 



10 



cO := rO lOO- .08- 
m m 



4 10 



Define a range of frequencies to use: n := 1 . .40 
6 

10 

f .- ^ ^ .« (f'2'n) 

n 2 

Calculate the admittance of the distributed network: 



n,m 



i CO cO rO 
n m m 



ZO 



n,m 



rO 



•0) cO 
n m 



yl : = 



_ZOtanh(r) 



Extract the real part and invert to get resistance: 



r : = 



LRe(yl) 
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Plot the real part versus frequency: 
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An Improved Method of Load Fault Detection 



High frequency supply designs pose unique problems 
in fault detection. A typical method of output fault 
detection in most standard controllers is to provide a 
cycle-by-cycle current limit (Vjhi) to limit the peak 
current in the output switch. In addition, these 
controllers have a second current limit (VTH2)r which is 
typically set 40% higher than the cycle by cycle limit. 
Crossing Vth2 on the Isense '"Put resets the Soft Start 
circuit and allows current in the output to decay 
before re-starting the system. 

In theory by the time the power output stage can 
begin to turn off from having crossed Vjhi, the output 
current will have exceeded Vjhz ^nd a soft start reset 
wil be performed. This technique works well if leakage 
inductance is low and turn-off delay is high enough to 
cause enough energy to transfer to the output 
inductor, causing the current to build up in 
subsequent cycles (figure 2a). This current build up 
takes place when the output is short circuited because 
the output inductor has almost no voltage across it 
and therefore a very shallow discharge slope. If, 
however, energy transfer is low due to fast turn-off of 
the outputs (which is desirable to minimize switching 
losses) energy transfer to the output inductor will be 
minimized, resulting in the supply continually running 
at the cycle by cycle current limit to a short circuit 
with no reset occurring (figure 2b). 



High frequency controllers are designed to minimize 
TpD and turn off the output MOSFET gates quickly. 
This implies that the event which triggers soft start 
reset will not persist for very long if it is detected at 
all. The short persistence of the triggering event 
requires that Q1 discharge C1 in a very short time, 
typically resulting in a partial discharge and an 
inadequate reset. A solution to this problem (figure 3) 
is implemented in all of Micro Linear's PWM IC's. Flip- 
flop (F2) and comparator (A4) are added to the circuit, 
to ensure a full reset. If desired, a delay (as 
implemented in the ML4809 and ML4811) can also be 
added before restart, which lowers the system's 
effective duty cycle allowing the supply to cool down. 




Figure 1. Typical Two Threshold Current Limit/ Fault Detect 



VtH2 

Vthi -i 



VtH2 

Vthi 





TpD 




SWITCH CURRENT 
DIODE CURRENT 



Figure 2. Current Waveforms During Output Short Circuit Slow Output Turn-Off (2a) and Fast Turn-Off (2b) 
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FROM PWM 
COMPARATORf5^%OSC ^^^^^^^ 

OUTPUT 



l(LIM)/S. 



1.4V| |S^ Jqi 

'S.D. ^ _L 



WbJ 



SiMil 



Figure 3. Improved Soft Start Reset with Delay — ML4809 

Integrating Fault Detection 

The "two threshold" detection technique described 
above limits the system designer's freedom to optimize 
his magnetics and minimize switching time. Since 
detecting the fault relies on building inductor current 
up on successive cycles, propagation delay cannot be 
minimized (as shown in figure 2) for this technique to 
work. Since these two parameters are important terms 
in high frequency supply efficiency, the need to 
compromise due to inadequacies in fault detection 
presents a problem. 

A method of circumventing this problem involves 
"counting" the number of times the controller 
terminates the PWM cycle due to the cycle by cycle 
current limit. 



Figure 4 shows the Integrating Fault Detect circuit. 
When the lyM signal (switch current) crosses the 1.1V 
threshold A1 signals the F1 to terminate the cycle and 
sets F3, which is reset at the beginning of each PWM 
cycle. The output of F3 turns on a current source to 
charge C2. When, after several cycles, C2 has charged 
to 3V, A5 turns on F2 to discharge soft start capacitor 
C1. Charge is continually bled from C2 by R1. If a 
current surge is short lived (for instance a disk drive 
start-up or a board being plugged in to a live rack) the 
control can "ride out" the surge (figure 5a) with the 
switch protected by the cycle by cycle limit. R1 and CI 
can be selected to track diode heating, or to ride out 
various system surge requirements as required. 

If the high current demanded is caused by a short 
circuit (figure 5b), the duty cycle will be short and the 
output diodes will carry the current for the majority of 
the PWM cycle, C2 charges fastest for low duty cycles 
(since F3 will be on for a longer time) providing for 
quicker shutdown during short-circuit when the output 
diodes are being maximally stressed. 



SWITCH CURRENT AT l(LIM) PIN 



RC(RESET) VOLTAGE 



Figure 5a. Integrating Fault Detection Response 
to Load Surge 
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Figure 4. Integrating Soft Start Reset Circuit 
with Delay (ML4811) 



/I-:.-..-,- /r 



SWITCH CURRENT AT l(LIM) PIN 




RC(RESET) VOLTAGE 

Figure 5b. Response to Load Fault (Short Circuit) 

The Integrating Fault Detection circuit allows reliable 
detection of output faults independent of supply 
magnetics and propagation delays. Additionally, this 
method of fault detection is inherently noise immune, 
programmable, and can distinguish between load 
surges and load faults (short circuits). 
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Power Factor Enhancement Circuit 



A simple enhancement circuit for the ML4812 is 
described. The circuit which will be called the power 
factor enhancement circuit greatly improves the power 
factor while reducing the total harmonic distortion of 
the current waveform. 

The circuit details for implementing the power factor 
enhancement circuit are given below. Figure 1 shows 
the schematic diagram of the circuit. The circuit 
operates by generating a small DC current bias and 
injecting it into the Isine (P'^ 6) input of the ML4812. 
This current injection has the net effect of improving 
the zero current crossover distortion. It does this by 
lifting the shoulders of the current waveform around 
the zero crossover areas. 

The circuit in the dotted lines in Figure 2, shows the 
details of the implementation. The circuit automatically 
adjusts the amount of the injected DC bias as a 
function of the line voltage. The reason behind the 
variable amount of DC current injection is that at 
lower input voltages, the amount of DC bias that is 
required is less. 

Based on experience, the amount of bias required at 
220 VAC is approximately four times higher than at 120 
VAC. The proper scaling can be adjusted by choosing 
appropriate values for the various resistors used and 
the zener diode voltage. The amount of bias that is 
required is a function of the boost inductor value and 
the ramp compensation. For best performance the 
value of the inductor should be chosen as high as 
possible which in turn will necessitate a small amount 
of ramp compensation. 

One way to find the required bias currents is 
summarized below: the first step is to find the 
optimum bias at the nominal operating point, for 
example, at 120 VAC. This is done by connecting a 
variable resistor to the reference output of the IC. The 
initial value of the resistor is selected such that, the 
bias current equals the peak to peak ramp 
compensation voltage when the duty cycle is at its 
maximum. After the optimum value at the nominal 
operating conditions is found the input voltage is 
increased to 220 VAC and the same procedure above 
is repeated to find the optimum value of the resistor at 
the 220 VAC nominal operating conditions. The bias 
currents corresponding to the two resistor values 
above can be used to calculate the values of the 
components in the enhancement circuit. The formulas 
for calculating the various components are given below: 



Vc3 (VIN) 



ISINE(VIN) '■ 



Q'9V|N(RMS) R6 
R1 + R2 + R6 

Vc3 - Vbe - Vz - VisiNE 



R7 



hsiNE(220 VAC) 
l|SINE(120 VAC) 

Vc3(220 VAC) - Vbe ■ 



Vz - VisiNE 



(1) 



(2) 



(3) 



(4) 



VC3(120 VAC) - Vbe - Vz - VisiNE 

Where: 

•isiNE(viN) = Bias current into the Isine input as function 
of the input voltage. 

Vbe = Base emitter voltage of Q3 (0.7V nominal). 

VisiNE = Voltage at Isine input, typically 0.7V. 

r = Ratio of bias current at 220 VAC input to 

the bias current at 120 VAC input. 

By chosing a value for Vc3(220 VAC) the value of Vc3(i20 VAC) 
is also found. These two values can be substituted to 
the equation above to calculate the required value for 
Vz. The value of R7 can be found by using (2). The 
values of the remaining components can be calculated 
by using (1). 




vcc 

1 r^' 




Figure 1. The Enhancement O'rcuit 
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ENHANCEMENT CIRCUIT SEE TEXT 
R1 R2 

-^VV\ VW- 




VOUT 



Figure 2. IKW Enhanced Power Factor Correction Circuit 



The circuit of Figure 2, is a 1KW input, power factor 
regulator. For this circuit the values of the 
enhancement circuit components were as follows: 



Table 1. Effect of Enhancement Circuit on Power Factor 



R1 + R2 


= 330K 








R6 




= 22K 








R7 




= 22K 








D2, 


Vz 


= 3.5V 








Q3 




= 2N2222 or any 
transistor. 


equivalent 


small 


signal 


C3 




= 10//F electrolytic cap 







Table 1 shows the performance of the power factor 
regulator with and without the enhancement circuit. 



Input 
Voltage 

(VAC) 


Input 
Power 

(W) 


Power Factor 


With 
Enhancement 


Without 
Enhancement 


120 


742 


.998 


.991 


365 


.994 


.976 


220 


706 


.996 


.976 


352 


.969 


.940 
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Generating Phase Controlled Sinewaves 

with the ML2036 



Vince Cardinale 



Introduction 

The 16-bit resolution of the ML2036 combined with its 
Inhibit feature makes it a powerful tool for generating 
precision sinewaves. It can produce frequencies from 
DC to 50kHz in 1Hz increments with -40dB harmonic 
distortion and has the control to stop the output at 
any given time or at the next zero crossing, with no 
external components. 

Precise phase control can also be obtained with the 
addition of a few external devices. With the addition of 
phase control two or more ML2036 sinewave 
generators can be synchronized at any angle from to 
360 with better than 1 degree resolution. 

Inhibit Mode 

In order to place the ML2036 in Inhibit mode three 
conditions must occur simultaneously. The three-level 
Pdn-INH input pin must be at the Vss voltage (-5V), 
the shift register must be loaded with all zeros, and 
the LATI pin must be a logic "1" (+5V). Once these 
three conditions are met the output continues to 
operate until it reaches Vqs + |Vx| if the next zero 
crossing is positive going, or Vqs - |Vx| if the next 
zero crossing is negative going, and then holds this 
level (see figure 1). The output will stay at this voltage 
until a new frequency is loaded into the data latch, at 
which point the output will continue where it left off. 
If the output stopped at zero after approaching from 
below OV then it will start-up going positive. If it 
stopped after approaching from above OV then it will 
start-up going negative. 



initialization 

In order to synchronize the ML2036 you must first 
initialize it so it will start up at a known point in the 
sinewave. By using the Inhibit mode you can stop the 
part at OV but you can't be sure from which direction 
it approached zero, or more importantly which 
direction it will start-up. If you can guarantee that it 
stopped while approaching from below OV then you 
can be sure it will start-up going positive. This can be 
done if the LATI pin is not allowed to be high when 
the output is above ground. The circuit in figure 2 and 
the following procedure demonstrate how this can be 
implemented. 

Initiaiization Procedure 



1) 


Power up 




2) 


Set LAT high 




3) 


Set INH low 




4) 


Load MSB: 0001 0000 0000 0000 


:LSB 


5) 


Set LAT low 




6) 


Wait at least 1 output cycle time 




7) 


Load all Os 




8) 


Set INH high (INH must go high 
least a NAND gate delay) 


before LAT by at 


9) 


Set LAT high 




10) 


Wait at least 1.5 output cycle times 




Output stops at OV going high 




11) Load desired frequency 




12) 


Set LAT low 

Output begins at OV going high 




13) 


Set INH low 






SCK JT_rxnJlJTJ-lJTJTJTJlJlJlJlJTjnJ^^ 

S,D yy-^ ^O 1 2 3 4 5 6 7 8 9 10 11 12 131415| 



|. , 1 VpEAK r^, f ^ ^CLK 

|Vj^MEiAK.VpE;,KSine(5:!2yi,JL) 
I XI 256 ™'' 1 fcLK 512' 



Figure 1. Inhibit Mode 
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Synchronization 

At the completion of step 10 the part is initialized. Its 
output is stable at about OV and will start up going 
positive. If you want to synchronize the output with 
some external event you can load the shift register with 
the desired frequency (step 11) and then set LAT low 
(step 12) synchronously with the external event. If you 
want to synchronize two ML2036 sinewave generators 
together initialize them both as described, and then set 
LAT low (step 12) on both circuits simultaneously. 



Precise phase control between two parts can be 
achieved by initializing both parts, starting one and 
then waiting a known time before starting the other. 
For example, to produce two 5kHz sinewaves with 90° 
phase shift you should wait SOfJs between starting each 
circuit. Since the Ml_2036 uses a 3MHz reference clock 
to update the output (assuming a 12MHz clock is used 
to drive CLKin) the phase resolution will be 0.6°. this 
resolution will vary from 0.0012° for two 10Hz signals to 
6° for two 50kHz signals. 



/"P 



SCK 
SID 
LAT 

INH 



+5V 
O 



^^^^ 



VcC VoUT 

Vref 

SCK 
SID 
LATI 



AGND 
CLKiN 
GAIN 
Vss DGND 



Pdn- 
INH 



— iIZZ] 



^ V 




Figure 2. 
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Designing with lOBase-T Transceivers 



Micro Linear's family of lOBase-T transceivers offer 
highly integrated solutions for internal and external 
MAUs (Media Attachment Units) as well as HUB MAUs. 
These chips offer a high performance current drive 
transmitter with very low jitter and RFI noise. The 
ML4651, ML4652, ML4657, and ML4658 are 10Base-T 
transceivers that provide an AU interface for internal 
and external DTE MAUs while ML4654 and ML4655 
provide TTL and ECL interfaces suited for Multiport 
Repeaters. 

The following application note will cover some of the 
design issues that arise when designing either type of 
Media Attachment Units for Local Area Networks based 
on 10Base-T. 

Internal (Embedded) MAUs with Shared AUI Port 

Figure 1 shows a detailed schematic for an internal 
MAU design with a shared AUI (Attachment Unit 
Interface) port. The optional port requires additional 
circuitry as defined in the IEEE 802.3 specifications for 
proper termination and protection at the serial 
interface chip (or Manchester Encoder/Decoder) and 
the 10Base-T transceiver chip connected to an AUI 
port. 

An AUI connection requires termination impedance of 
780 on the receive end of the transmission lines (Dl 
and CI). As such R1 and R2 in parallel with R3 and R4 
provide the proper termination. This also applies to 
the receive output pins 4 and 5 of the transceiver chip. 
The 357Q resistors for R3 and R4 was chosen to 
properly bias the driver circuitry (see section on AUI 
driver output). The 2kO values for R7 and R8 were 
chosen to provide the BIAS voltage for Tx+ and Tx- 
inputs. This also will not load down the 780 
transmission line when the AUI port is connected and 
the transceiver chip is tri-stated. The output AUI 
drivers of the transceiver chip must be tri-stated to not 
load down the transmission lines when the AUI port is 
connected and the twisted pair port is disconnected. 
Powering down the chip will tri-state the outputs. 

The transceiver can be powered down by switching 
Vcc to GND as shown or by switching the ground 
connection to open condition. A logic level MOSFET 
with an "on" resistance (Rdson) oi 0.5O or less can be 
used by connecting to the ground pin of the chip to 
power down the chip. When switching the ground off 
one must also include the ground connections of the 
driver resistors of COL and Rx outputs (R3, R4, R11, 
and R12). Another method of powering down the 
transceiver is to use an external mechanical switch as 
shown. 



The isolation transformer is required for protection of 
the transceiver chip from 16V with respect to the 
system ground at the AUI interface during a fault 
condition as specified in 7.4.1.6. and 7.4.2.6 sections of 
the IEEE 802.3 standards for both the driver and the 
receiver. 

If a shared AUI port is not required, then the design 
becomes simpler. Figure 13 of the datasheet shows AC 
coupling between the serial interface and the 
transceiver. This is to block DC bias voltage of the 
serial interface chip that may not match that of the 
transceiver. Micro Linear's transceivers require the 
input bias to be between 2.5V and 4.5V for CI and Dl. 
If the two chips are compatible one can eliminate the 
AC coupling capacitors and bias resistors. By using a 
DC coupled interface, biasing the driver outputs is all 
that is needed for proper operation (Figure 2). 

Iwisted Pair Interface 

The twisted pair connection to lOBase-T requires 
additional filtering and isolation components. The 
output structure of the twisted pair drivers are of the 
current drive type. This poses several very significant 
advantages when driving the twisted pair medium. 
Because the drivers are current driven, the differential 
outputs are well matched for a balanced signal 
transmission. Balanced transmission is crucial for 
meeting tight regulations on signal shapes. Also current 
driven outputs produce lower common-mode voltages 
for a lower EMI radiation. This can be a very significant 
issue when facing FCC regulations. Another advantage 
to current mode is that output drive, can be easily 
adjusted to compensate for losses in the transformer 
or output filter. RTSET will set the level of output drive 
current by the relationship: 

RTSET = (RL/100) * 220 

where RL is the characteristic impedance of the 
twisted pair cable. 

The twisted pair differential output will see an effective 
resistance of 50O from the parallel combination of the 
two 200O resistors and reflected secondary AC line 
impedance of 100O for unshielded twisted pair. By 
driving 42mA to the 50O complex load, the differential 
signal voltage will swing +2.5V peak around the 5V 
bias point when taking transients into consideration. 
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Figure 2. DC Coupled Interface for DTE Card Application 

The isolation and filter components for both transmit 
and receive lines can all be integrated into one dip 
package style module. One such product can be 
obtained from Valor Electronics in San Diego. There are 
several other manufacturers who have these products 
available (refer to Figure 13 in the datasheet). 

The output chokes shown in Figure 1 will pass any 
differential signal but block common mode voltages. 
Because Micro Linear's 10Base-T transceivers have very 
low common mode output voltage, this extra filtering 
choke may not be needed. Good board layout will also 
help. 



External MAU 

An external MAU design typically adds more LED 
outputs for status indication and adds circuitry for 
configuring the chip for SQE and Link Test options (See 
Figure 12 of datasheet). The selection of SQE and Link 
Test circuitry can be implemented in various ways. One 
such option is to use two SPDT switches to produce 
the proper voltage levels (Figure 3). The selected 
voltage to the SQEN input pin (pin #4 for ML4652 and 
ML4658) will internally configure the chip for the option 
to activate SQE test or Link test. 

AUI Driver Output 

The output structure of the driver stage connecting to 
the AUI is an open emitter type. The output is biased 
at typically 4.2V when high and 3.6V when low. That is 
a differential voltage of about +0.6V across a 780 load 
which calculates to about 7.7mA output current during 
transmission. A 360O resistor at the output pin sets its 
current at 11.7mA when high and 10mA when low. In 
the case when the positive output is high, the current 
(Iq) flowing out of its drive transistor is the sum of 
77mA and 11.7mA (Figure 4). That means the current 
flowing out of the negative output is 10mA minus 
77mA. It then becomes apparent that the termination 
resistance must be low enough as to not shut off either 
of the output drive transistors but not too low as to 
saturate the transistor and dissipate excessive power. 
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Figure 4. AUI Driver Circuitry 
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Packaging Information 



Section 11 



Package: J08 8-Pin Hermetic DIP 11-1 

Package: P08 8-Pin Molded DIP 11-1 

Package: S08 8-Pin SOIC 11-2 

Package: J14 14-Pin Hermetic DIP 11-2 

Package: P14 14-Pin Molded DIP 11-3 

Package: J16 16-Pin Hermetic DIP 11-3 

Package: P16 16-Pin Molded DIP 11-4 

Package: S16 16-Pin SOIC (Narrow) 11-4 

Package: S16W 16-Pin SOIC 11-5 

Package: J18 18-Pin Hermetic DIP 11-5 

Package: P18 18-Pin Molded DIP 11-6 

Package: S18W 18-Pin SOIC 11-6 

Package: J20 20-Pin Hermetic DIP 11-7 

Package: P20 20-Pin Molded DIP 11-7 

Package: Q20 20-Pin Molded Leaded PCC 11-8 

Package: S20W 20-Pin SOIC 11-8 

Package: P22 22-Pin Molded DIP 11-9 

Package: J24W 24-Pin Hermetic DIP 11-9 

Package: J24N 24-Pin Hermetic Ceramic DIP (Narrow) 11-10 

Package: P24W 24-Pin Molded DIP 11-10 

Package: P24N 24-Pin Molded DIP (Narrow) 11-11 

Package: S24W 24-Pin SOIC 11-11 

Package: J28W 28-Pin Hermetic DIP 11-12 

Package: P28W 28-Pin Molded DIP 11-12 

Package: Q28 28-Pin Molded Leaded PCC 11-13 

Package: S28W 28-Pin SOIC 11-13 

Package: Q32 32-Pin Molded Leaded PCC 11-14 

Package: S32W 32-Pin SOIC 11-14 

Package: J40 40-Pin Hermetic DIP 11-15 

Package: P40 40-Pin Molded Plastic DIP 11-15 

Package: Q44 44-Pin Molded Leaded PCC 11-16 



Micro Linear 



Ji^ Micro Linear 



PHYSICAL DIMENSIONS inches (millimeters) 



Package: JOS 
8-Pin Hermetic DIP (CERDIP) 





0.375/0.400 
(9.52/10.16) 




i-l I—I r— 1 n 


1 


8 5 


0.275/0.295 


S 


(6.98/7.49) 


J 


+ 


1 4 




U U LJ U 



^ 0.055/0.065 
I 1 (1.40/1.65) 




0.020/0.050 
(0.508/1.27) 

i 

SEATING . „| 

PLANE V^|^3°/13° 

MIN 



(0.406/0.508) 



Package: P08 
8-Pin Molded DIP 





0.350/0.370 




(8.89/9.40) 
1—11-1 i—in 


1 

0.240/0.260 
(6.09/6.60) 

\ 


8 5 

) 
1 4 




LJLJLJLJ 



0.050/0.065 

I I (1.27/1.65) 



0.200 f 
(5.08) 1 



0.125 ^ 

(3.17) \ 



K 



(0.406/0.559) 



m 



(0.508/1.27) 

i. 



-T- SEATING 
T PLANE 




L_ 0.090/0.1 10 

(2.28/2.79) 



Ji^ Micro Linear 



11-1 



PHYSICAL DIMENSIONS inches (millimeters) 



Package: S08 
8-Pin SOIC 



UM 



8 5 

1 4 



.050 ± .008 
(1.27 ± 0.20) 



.059/.070 
(1.50/1.79) 



.018 MIN (.457) 
(4 PLCS) 


.007/.010 

(.177/.254) 


.148/.159 
(3.76/4.04) 








r 






: 






.228/.246 


.014/.037 
(.355/.940) 



SEATING 
PLANE 



(5.79/6.25) 
NOTE 1: SEATING PLANE LEAD COPIANARITY .005 (0.127) (BOTTOM OF LEADS). 



Package: J14 
14-Pin Hermetic DIP (CERDIP) 



0.265/0.310 

(6.731/7.874) 

J 



0.200 1 
(5.08) j 



r-1 i—i r-1 i—i 



(1.27/1.65) 



0.020/0.050 



ii 



(3:i75)r 



0.016/0.022 



(0.406/0.559) 



(0.508/1.27) 



^^^ 



0.290/0.320 
(7.36/8.13) 



SEATING 
PLANE 



(0.254) 
0.090 /0.110 1^1 M 



Vk 



(2.286/2.794) 



0.008/0.012 
(0.203/0.305) 



11-2 



Micro Linear 



PHYSICAL DIMENSIONS inches (millimeters) 



Package: PI 4 
14-Pin Molded DIP 





^ 0.730/0.770 ^ 




(18.542/19.558) 






t 


14 8 


0.240/0.270 


) 


(6.0%/6.858) 


1 


1 7 







(1.27/1.65) 



J|max [ 



(3.175) t 



fmm 



(0.406/0.559) 




(2.286/2.794) 



Package: J16 
le-Pin Hermetic DIP (CERDIP) 



(19.05/19.94) 



n n n 



(6.731/7.874) 



I 



LJ LJ LJ LJ LJ LJ l_J 
0.050/0.065 



^ 



(1.270/1.651) 



0.200 
(5.08) 
0.1251 ^ 

(3.175) 




0.016/0.022 



(2.286/2.794) 



j%^ Micro Linear 



11-3 



PHYSICAL DIMENSIONS inches (millimeters) 



Package: PI 6 
16-Pin Molded DIP 







0.730/0.770 ^ 






(18.54/19.56) 




n 


r— 1 r— 1 1—1 r— 1 r— 1 rn r— 1 


0.240/0.270 


16 


9 


(6.10/6.858) 


1 


8 




LJ 


l_J l_l L_l 


-J 


L_J LJ LJ 
^ 0.055/0.065 




(1.397/1.651) 



0.290/0.320 
(7.36/8.13) 



0.200 
(5.08) 
0.12r ^ I 

(3.175)1' 




(0.508/1.270) 



SEATING 
PUNE 



(0.127) 



(2.286/2.794) 



\/^3°/- 



Package: 516 
16-Pin SOIC (Narrow) 





^ (9.75/10.04) ^ 




16 9 
1 8 






.011/. 021 
(.280/.530) 


y y y y y y y 

J^J L ^ 

.050 ± .005 
(1.27 ± 0.20) 


.070/.059 / 1 



(1.79/1.50) L 

T 



^^ .018 MIN (.457) 
^^ (4 PLCS) 



(3.76/4.04) 



(.178/. 254) 




r* .228/.246 ^ (•355/.< 



.228/.246 '' 

(5.79/6.25) 



.037 
,940) 



NOTE 1: SEATING PLANE LEAD COPLANARITY .005 (0.127) (BOTTOM OF LEADS). 
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0.050/0.020 




1 


^11 0.022/0.016 
(0.56/0 41) 


0.110/0.090 

'^ (2.79/2.29) 


"iMMf" 


1 (127/0.51) 


I 
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t 


t 




0.010 
'"*"" (0.25) 



SEATING 
PLANE 



^ 



(15.75/14.99) 
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PHYSICAL DIMENSIONS inches (millimeters) 



Package: Q44 
44-Pin Molded Leaded PCC 



n n n n n>i n rfi rfi n n- 



0.50 

1.27) 
TYR 



UUUUUUUUUUU- 



T (16.61 ±0.25) 
^ SQ. 



0.690 ±0.015 



(17.53 ±0.38) 
SQ. 




NOTE: 

1. SEATrNG PLANE LEAD COPIANARITY ±.005 
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